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RESCUE AGENTS FOR TREATING BOTULINUM TOXIN INTOXICATIONS 

by 

Shengwen Li and Kei Roger Aoki 
FIELD OF THE INVENTION 

[0001] The present invention is directed to methods of treating botulinum toxin intoxication 
in a mammal with rescue agents. Rescue agents include inactive botulinum toxin and/or 
nontoxic nonhemagglutinin. The present invention is also directed to the method of making 
and using glycosylated botulinum toxins. Additionally, the present invention is also directed 
to methods of making di-chain botulinum toxins. 

BACKGROUND OF THE INVENTION 

[0002] Botulinum toxins have been used in clinical settings for the treatment of 
neuromuscular disorders characterized by hyperactive skeletal muscles. In 1989 a botulinum 
toxin type A complex has been approved by the U.S. Food and Drug Administration for the 
treatment of blepharospasm, strabismus and hemifacial spasm. Subsequently, a botulinum 
toxin type A was also approved by the FDA for the treatment of cervical dystonia and for the 
treatment of glabellar lines, and a botulinum toxin type B was approved for the treatment of 
cervical dystonia. Non-type A botulinum toxin serotypes apparently have a lower potency 
and/or a shorter duration of activity as compared to botulinum toxin type A. Clinical effects 
of peripheral intramuscular botulinum toxin type A are usually seen within one week of 
injection. The typical duration of symptomatic relief from a single intramuscular injection of 
botulinum toxin type A averages about three months, although significantly longer periods of 
therapeutic activity have been reported. 

[0003] It has been reported that botulinum toxin type A has been used in clinical settings as 
follows: 

(1) about 75-125 units of BOTOX® per intramuscular injection (multiple muscles) to 
treat cervical dystonia; 
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(2) 5-10 units of BOTOX per intramuscular injection to treat glabellar lines (brow 
furrows) (5 units injected intramuscularly into the procerus muscle and 10 units injected 
intramuscularly into each corrugator supercilii muscle); 

(3) about 30-80 units of BOTOX® to treat constipation by intrasphincter injection of 
the puborectalis muscle; 

(4) about 1-5 units per muscle of intramuscularly injected BOTOX® to treat 
blepharospasm by injecting the lateral pre-tarsal orbicularis oculi muscle of the upper lid and 
the lateral pre-tarsal orbicularis oculi of the lower lid. 

(5) to treat strabismus, extraocular muscles have been injected intramuscularly with 
between about 1-5 units of BOTOX®, the amount injected varying based upon both the size 
of the muscle to be injected and the extent of muscle paralysis desired (i.e. amount of diopter 
correction desired). 

(6) to treat upper limb spasticity following stroke by intramuscular injections of 
BOTOX into five different upper limb flexor muscles, as follows: 

(a) flexor digitorum profundus: 7.5 U to 30 U 

(b) flexor digitorum sublimus: 7.5 U to 30 U 

(c) flexor carpi ulnaris: 10 U to 40 U 

(d) flexor carpi radialis: 15 U to 60 U 

(e) biceps brachii: 50 U to 200 U. 

Each of the five indicated muscles has been injected at the same treatment session, so that the 
patient receives from 90 U to 360 U of upper limb flexor muscle BOTOX® by intramuscular 
injection at each treatment session. 

(7) to treat migraine, pericranial injected (injected symmetrically into glabellar, 
frontalis and temporalis muscles) injection of 25 U of BOTOX® has showed significant 
benefit as a prophylactic treatment of migraine compared to vehicle as measured by 
decreased measures of migraine frequency, maximal severity, associated vomiting and acute 
medication use over the three month period following the 25 U injection. 
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[0004] Additionally, intramuscular botulinum toxin has been used in the treatment of 
tremor in patient's with Parkinson's disease, although it has been reported that results have 
not been impressive. Marjama-Jyons, J., et al., Tremor-Predominant Parkinson's Disease, 
Drugs & Aging 16(4);273-278:2000. 

[0005] It is known that botulinum toxin type A can have an efficacy for up to 12 months 
{European J. Neurology 6 (Supp 4): SI 1 1 -SI 150:1999), and in some circumstances for as 
long as 27 months. The Laryngoscope 109:1344-1346:1999. However, the usual duration of 
an intramuscular injection of Botox® is typically about 3 to 4 months. 

[0006] The success of botulinum toxin type A to treat a variety of clinical conditions has 
led to interest in other botulinum toxin serotypes. Two commercially available botulinum 
type A preparations for use in humans are BOTOX® available from Allergan, Inc., of Irvine, 
California, and Dysport® available from Beaufour Ipsen, Porton Down, England. A 
Botulinum toxin type B preparation (MyoBloc®) is available from Elan Pharmaceuticals of 
San Francisco, California. 

[0007] In addition to having pharmacologic actions at the peripheral location, botulinum 
toxins may also have inhibitory effects in the central nervous system. Work by Weigand et 
al, Nauny-Schmiedeberg's Arch. Pharmacol. 1976; 292, 161-165, and Habermann, Nauny- 
Schmiedeberg's Arch. Pharmacol. 1974; 281, 47-56 showed that botulinum toxin is able to 
ascend to the spinal area by retrograde transport. As such, a botulinum toxin injected at a 
peripheral location, for example intramuscularly, may be retrograde transported to the spinal 
cord. 

[0008] A botulinum toxin has also been proposed for the treatment of rhinorrhea, 
hyperhydrosis and other disorders mediated by the autonomic nervous system (U.S. patent 
5,766,605), tension headache, ( U.S. patent 6,458,365), migraine headache (U.S. patent 
5,714,468), post-operative pain and visceral pain (U.S. patent 6,464,986), pain treatment by 
intraspinal toxin administration (U.S. patent 6,113,915), Parkinson's disease and other 
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diseases with a motor disorder component, by intracranial toxin administration (U.S. patent 
6,306,403), hair growth and hair retention (U.S. patent 6,299,893), psoriasis and dermatitis 
(U.S. patent 5,670,484), injured muscles (U.S. patent 6,423,319, various cancers (U.S. 
patents 6,139,845), pancreatic disorders (U.S. patent 6,143,306), smooth muscle disorders 
(U.S. patent 5,437,291, including injection of a botulinum toxin into the upper and lower 
esophageal, pyloric and anal sphincters) ), prostate disorders (U.S. patent 6,365,164), 
inflammation, arthritis and gout (U.S. patent 6,063,768), juvenile cerebral palsy (U.S. patent 
6,395,277), inner ear disorders (U.S. patent 6,265,379), thyroid disorders (U.S. patent 
6,358,513), parathyroid disorders (U.S. patent 6,328,977). Additionally, controlled release 
toxin implants are known (see e.g. U.S. patents 6,306,423 and 6,312,708). 

[0009] Seven generally immunologically distinct botulinum neurotoxins have been 
characterized: botulinum neurotoxin serotypes A, B, Ci, D, E, F and G. These serotypes are 
distinguished by neutralization with type-specific antibodies. The different serotypes of 
botulinum toxin vary in the animal species that they affect and in the severity and duration of 
the paralysis they evoke. For example, it has been determined that botulinum toxin type A is 
500 times more potent, as measured by the rate of paralysis produced in the rat, than is 
botulinum toxin type B. Additionally, botulinum toxin type B has been determined to be 
non-toxic in primates at a dose of 480 U/kg which is about 12 times the primate LD 50 for 
botulinum toxin type A. Moyer E et al., Botulinum Toxin Type B: Experimental and Clinical 
Experience, being chapter 6, pages 71-85 of "Therapy With Botulinum Toxin", edited by 
Jankovic, J. et al. (1994), Marcel Dekker, Inc. Botulinum toxin apparently binds with high 
affinity to cholinergic motor neurons, is translocated into the neuron and blocks the release of 
acetylcholine. 

[0010] Regardless of serotype, the molecular mechanism of toxin intoxication appears to be 
similar and to involve at least three steps or stages. In the first step of the process, the toxin 
binds to the presynaptic membrane of the target neuron through a specific interaction 
between the heavy chain, H chain, and a cell surface receptor; the receptor is thought to be 
different for each type of botulinum toxin and for tetanus toxin. The carboxyl end segment of 
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the H chain, H c , appears to be important for targeting of the toxin to the cell surface. 

[0011] In the second step, the toxin crosses the plasma membrane of the poisoned cell. The 
toxin is first engulfed by the cell through receptor-mediated endocytosis, and an endosome 
containing the toxin is formed. The toxin then escapes the endosome into the cytoplasm of 
the cell. This step is thought to be mediated by the amino end segment of the H chain, H N , 
which triggers a conformational change of the toxin in response to a pH of about 5.5 or 
lower. Endosomes are known to possess a proton pump which decreases intra-endosomal 
pH. The conformational shift exposes hydrophobic residues in the toxin, which permits the 
toxin to embed itself in the endosomal membrane. The toxin (or at a minimum the light 
chain) then translocates through the endosomal membrane into the cytoplasm. 

[0012] The last step of the mechanism of botulinum toxin activity appears to involve 
reduction of the disulfide bond joining the heavy chain, H chain, and the light chain, L chain. 
The entire toxic activity of botulinum and tetanus toxins is contained in the L chain of the 
holotoxin; the L chain is a zinc (Zn++) endopeptidase which selectively cleaves proteins 
essential for recognition and docking of neuro transmitter-containing vesicles with the 
cytoplasmic surface of the plasma membrane, and fusion of the vesicles with the plasma 
membrane. Tetanus neurotoxin, botulinum toxin types B, D, F, and G cause degradation of 
synaptobrevin (also called vesicle-associated membrane protein (VAMP)), a synaptosomal 
membrane protein. Most of the VAMP present at the cytoplasmic surface of the synaptic 
vesicle is removed as a result of any one of these cleavage events. Botulinum toxin serotype 
A and E cleave SNAP-25. Botulinum toxin serotype Ci was originally thought to cleave 
syntaxin, but was found to cleave syntaxin and SNAP-25. Each of the botulinum toxins 
specifically cleaves a different bond, except botulinum toxin type B (and tetanus toxin) which 
cleave the same bond. 

[0013] Although all the botulinum toxins serotypes apparently inhibit release of the 
neurotransmitter acetylcholine at the neuromuscular junction, they do so by affecting 
different neurosecretory proteins and/or cleaving these proteins at different sites. For 
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example, botulinum types A and E both cleave the 25 kiloDalton (kD) synaptosomal 
associated protein (SNAP-25), but they target different amino acid sequences within this 
protein. Botulinum toxin types B, D, F and G act on vesicle-associated protein (VAMP, also 
called synaptobrevin), with each serotype cleaving the protein at a different site. Finally, 
botulinum toxin type Ci has been shown to cleave both syntaxin and SNAP-25. These 
differences in mechanism of action may affect the relative potency and/or duration of action 
of the various botulinum toxin serotypes. Apparently, a substrate for a botulinum toxin can 
be found in a variety of different cell types. See e.g. Biochem J 1;339 (pt 1):159-65:1999, 
and Mov Disord, 10(3):376:1995 ^pancreatic islet B cells contains at least SNAP-25 and 
synaptobrevin). 

[0014] The molecular weight of the botulinum toxin protein molecule, for all seven of the 
known botulinum toxin serotypes, is about 150 kD. Interestingly, the botulinum toxins are 
released by Clostridial bacterium as complexes comprising the 150 kD botulinum toxin 
protein molecule along with associated non-toxin proteins. Thus, the botulinum toxin type A 
complex can be produced by Clostridial bacterium as 900 kD, 500 kD and 300 kD forms. 
Botulinum toxin types B and Ci is apparently produced as only a 700 kD or 500 kD complex. 
Botulinum toxin type D is produced as both 300 kD and 500 kD complexes. Finally, 
botulinum toxin types E and F are produced as only approximately 300 kD complexes. The 
complexes (i.e. molecular weight greater than about 150 kD) are believed to contain a non- 
toxin hemagglutinin protein and a non-toxin and non-toxic nonhemagglutinin protein. These 
two non-toxin proteins (which along with the botulinum toxin molecule comprise the relevant 
neurotoxin complex) may act to provide stability against denaturation to the botulinum toxin 
molecule and protection against digestive acids when toxin is ingested. Additionally, it is 
possible that the larger (greater than about 150 kD molecular weight) botulinum toxin 
complexes may result in a slower rate of diffusion of the botulinum toxin away from a site of 
intramuscular injection of a botulinum toxin complex. 

[0015] In vitro studies have indicated that botulinum toxin inhibits potassium cation 
induced release of both acetylcholine and norepinephrine from primary cell cultures of 
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brainstem tissue. Additionally, it has been reported that botulinum toxin inhibits the evoked 
release of both glycine and glutamate in primary cultures of spinal cord neurons and that in 
brain synaptosome preparations botulinum toxin inhibits the release of each of the 
neurotransmitters acetylcholine, dopamine, norepinephrine (Habermann E., et al., Tetanus 
Toxin and Botulinum A and C Neurotoxins Inhibit Noradrenaline Release From Cultured 
Mouse Brain, J Neurochem 51(2);522-527:1988) CGRP, substance P and glutamate 
(Sanchez-Prieto, J., et al., Botulinum Toxin A Blocks Glutamate Exocytosis From Guinea Pig 
Cerebral Cortical Synaptosomes, Eur J. Biochem 165;675-681:1897.. Thus, when adequate 
concentrations are used, stimulus-evoked release of most neurotransmitters is blocked by 
botulinum toxin. See e.g. Pearce, L.B., Pharmacologic Characterization of Botulinum Toxin 
For Basic Science and Medicine, Toxicon 35(9); 1373-1412 at 1393; Bigalke H., et al., 
Botulinum A Neurotoxin Inhibits Non-Cholinergic Synaptic Transmission in Mouse Spinal 
Cord Neurons in Culture, Brain Research 360;3 18-324: 1985; Habermann E., Inhibition by 
Tetanus and Botulinum A Toxin of the release of [ 3 H] Noradrenaline and [ 3 H]GABA From 
Rat Brain Homogenate, Experientia 44;224-226:1988, Bigalke H., et al., Tetanus Toxin and 
Botulinum A Toxin Inhibit Release and Uptake of Various Transmitters, as Studied with 
Particulate Preparations From Rat Brain and Spinal Cord, Naunyn-Schmiedeberg's Arch 
Pharmacol 3 16;244-25 1:1981, and; Jankovic J. et al., Therapy With Botulinum Toxin, Marcel 
Dekker, Inc., (1994), page 5. 

[0016] Botulinum toxin type A can be obtained by establishing and growing cultures of 
Clostridium botulinum in a fermenter and then harvesting and purifying the fermented 
mixture in accordance with known procedures. All the botulinum toxin serotypes are initially 
synthesized as inactive single chain proteins which must be cleaved or nicked by proteases to 
become neuroactive. The bacterial strains that make botulinum toxin serotypes A and G 
possess endogenous proteases and serotypes A and G can therefore be recovered from 
bacterial cultures in predominantly their active form. In contrast, botulinum toxin serotypes 
Ci, D and E are synthesized by nonproteolytic strains and are therefore typically unactivated 
when recovered from culture. Serotypes B and F are produced by both proteolytic and 
nonproteolytic strains and therefore can be recovered in either the active or inactive form. 
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However, even the proteolytic strains that produce, for example, the botulinum toxin type B 
serotype only cleave a portion of the toxin produced. The exact proportion of nicked to 
unnicked molecules depends on the length of incubation and the temperature of the culture. 
Therefore, a certain percentage of any preparation of, for example, the botulinum toxin type 
B toxin is likely to be inactive, possibly accounting for the known significantly lower 
potency of botulinum toxin type B as compared to botulinum toxin type A. The presence of 
inactive botulinum toxin molecules in a clinical preparation will contribute to the overall 
protein load of the preparation, which has been linked to increased antigenicity, without 
contributing to its clinical efficacy. Additionally, it is known that botulinum toxin type B 
has, upon intramuscular injection, a shorter duration of activity and is also less potent than 
botulinum toxin type A at the same dose level. 

[0017] High quality crystalline botulinum toxin type A can be produced from the Hall A 
strain of Clostridium botulinum with characteristics of >3 X 10 7 U/mg, an A 2 6o/A 2 78 of less 
than 0.60 and a distinct pattern of banding on gel electrophoresis. The known Shantz process 
can be used to obtain crystalline botulinum toxin type A, as set forth in Shantz, E.J., et al, 
Properties and use of Botulinum toxin and Other Microbial Neurotoxins in Medicine, 
Microbiol Rev. 56;80-99:1992. Generally, the botulinum toxin type A complex can be 
isolated and purified from an anaerobic fermentation by cultivating Clostridium botulinum 
type A in a suitable medium. The known process can also be used, upon separation out of the 
non-toxin proteins, to obtain pure botulinum toxins, such as for example: purified botulinum 
toxin type A with an approximately 150 kD molecular weight with a specific potency of 1-2 
X 10 LD 50 U/mg or greater; purified botulinum toxin type B with an approximately 156 kD 
molecular weight with a specific potency of 1-2 X 10 8 LD 50 U/mg or greater, and; purified 
botulinum toxin type F with an approximately _1 55 kD molecular weight, with a specific 
potency of 1-2 X 10 7 LD 50 U/mg or greater. 

[0018] Botulinum toxins and/or botulinum toxin complexes can be obtained from List 
Biological Laboratories, Inc., Campbell, California; the Centre for Applied Microbiology and 
Research, Porton Down , U.K.; Wako (Osaka, Japan), Metabiologics (Madison, Wisconsin) 
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as well as from Sigma Chemicals of St Louis, Missouri Pure botulinum toxin can also be 
used to prepare a pharmaceutical composition. 

[0019] As with enzymes generally, the biological activities of the botulinum toxins (which 
are intracellular peptidases) is dependant, at least in part, upon their three dimensional 
conformation. Thus, botulinum toxin type A is detoxified by heat, various chemicals surface 
stretching and surface drying. Additionally, it is known that dilution of the toxin complex 
obtained by the known culturing, fermentation and purification to the much, much lower 
toxin concentrations used for pharmaceutical composition formulation results in rapid 
detoxification of the toxin unless a suitable stabilizing agent is present. Dilution of the toxin 
from milligram quantities to a solution containing nanograms per milliliter presents 
significant difficulties because of the rapid loss of specific toxicity upon such great dilution. 
Since the toxin may be used months or years after the toxin containing pharmaceutical 
composition is formulated, the toxin can stabilized with a stabilizing agent such as albumin 
and gelatin. 

[0020] A commercially available botulinum toxin containing pharmaceutical composition is 
sold under the trademark BOTOX® (available from Allergan, Inc., of Irvine, California). 
BOTOX® consists of a purified botulinum toxin type A complex, albumin and sodium 
chloride packaged in sterile, vacuum-dried form. The botulinum toxin type A is made from a 
culture of the Hall strain of Clostridium botulinum grown in a medium containing N-Z amine 
and yeast extract. The botulinum toxin type A complex is purified from the culture solution 
by a series of acid precipitations to a crystalline complex consisting of the active high 
molecular weight toxin protein and an associated hemagglutinin protein. The crystalline 
_ complexes re-dissolved in a solution. containing saline and. albumin and sterile filtered _(0.2_ 
microns) prior to vacuum-drying. The vacuum-dried product is stored in a freezer at or 
below -5°C. BOTOX® can be reconstituted with sterile, non-preserved saline prior to 
intramuscular injection. Each vial of BOTOX® contains about 100 units (U) of Clostridium 
botulinum toxin type A purified neurotoxin complex, 0.5 milligrams of human serum 
albumin and 0.9 milligrams of sodium chloride in a sterile, vacuum-dried form without a 
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[0021] To reconstitute vacuum-dried BOTOX , sterile normal saline without a 
preservative; (0.9% Sodium Chloride Injection) is used by drawing up the proper amount of 
diluent in the appropriate size syringe. Since BOTOX® may be denatured by bubbling or 
similar violent agitation, the diluent is gently injected into the vial. For sterility reasons 
BOTOX® is preferably administered within four hours after the vial is removed from the 
freezer and reconstituted. During these four hours, reconstituted BOTOX® can be stored in a 
refrigerator at about 2° C. to about 8°C. Reconstituted, refrigerated BOTOX® has been 
reported to retain its potency for at least about two weeks. Neurology, 48:249-53:1997. 

[0022] Botulism or botulinum toxin intoxication is a potentially lethal disease caused by 
certain serotypes of neurotoxic proteins usually produced by Clostridium botulinum. Five 
different forms of botulism are known: 1) foodbome botulism, caused by ingestion of 
contaminated food, 2) wound botulism, caused by infection of wounds and increasingly 
observed in intravenous drug users, 3) infant botulism, the most frequent form, resulting from 
ingestion of C. botulinum and its colonization in the intestine, 4) hidden botulism in adults 
with abnormal intestines, and 5) inadvertant botulism after treatments for movement 
disorders. Furthermore, botulism may also be affected by deliberate acts of terrorists. The 
symptoms of botulinum toxin intoxication includes acute symmetric, descending flaccid 
paralysis with prominent bulbar palsies, typically presenting within 12 to 72 hours after 
exposure. 

[0023] Currently, a pentavalent vaccine that protects against active BoNT serotypes A-E 
and a separate monovalent vaccine that protects against active BoNT serotype F are available 
as Investigational New Drugs. However, there are numerous shortcomings associated with 
the toxoid vaccines. For example, serious adverse response to the antitoxins, such as 
anaphylaxis, has been reported to occur in 2% of recipients. 

[0024] Other methods of combating botulinum intoxication are under investigation — most 
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of which involve the administration of an antigen for the production of antibodies against the 
toxin. For example, Simpson et al. reports an inactive BoNT that may be administered orally 
to stimulate production of antibody in a mammal. See U.S. Patent No. 6,051,239, the 
disclosure of which is incorporated in its entirety herein by reference. These methods which 
rely on the production of antibodies are not very practical because they require the mammal 
to be vaccinated before becoming intoxicated with the toxin. For example, if a non- 
vaccinated mammal is intoxicated with botulinum toxin, the administration of an antigen 
(e.g., an inactive BoNT) to stimulate antibodies production against the active BoNT is futile 
because the production of antibodies by the mammal would not be timely enough to ward off 
the deleterious effects of active BoNT, which occur within about 12 to 72 hours. 

[0025] Further, as the use of botulinum toxin is becoming more common and frequent, for 
example as a therapeutic, it is important to have safer and more effective toxins. For 
example, it is advantageous to have toxins that have reduced antigenicity and can clear the 
circulatory system quickly. 

[0026] Thus, there is a continued need to have more effective drugs and methods for 
treating botulism. Additionally, there is a continued need to have safer, more effective 
botulinum toxins. The present invention provides for such improvements. 

SUMMARY OF THE INVENTION 

[0027] The present invention provides for effective methods of treating botulinum 
intoxication. In some embodiments, the methods of treating botulinum toxin intoxication in a 
mammal comprise administering to the mammal an effective amount of a rescue agent. In 
some embodiments, the rescue agent is effective to treat botulinum intoxication when it is 
administered to the mammal after the mammal is intoxicated by an active botulinum. In 
some embodiments, a rescue agent comprises at least one of an inactive botulinum toxin 
("iBoNT"), a modified nontoxic nonhemagglutinin ("NTNH") or combinations thereof. In 
some embodiments, the iBoNT has a reduced antigenicity, for example, from being 
glycosylated. In some embodiments, the modified NTNH comprises a targeting moiety 
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[0028] The present invention also provides for glycosylated botulinum toxin and methods 
of using same. In some embodiments, the glycosylated botulinum toxin clears from the 
circulation faster than the same botulinum toxin which is not glycosylated. In some 
embodiments, the glycosylated botulinum toxin may be employed to treat muscular 
disorders, autonomic nervous system disorders and/or pain. 

[0029] The present invention also provides for methods of making di-chain botulinum 
toxins. In some embodiments, the method comprises expressing a single chain botulinum 
toxin and a NTNH in a non-Clostridium botulinum cell, whereby the NTNH facilitates the 
nicking of the single chain toxin into a di-chain toxin. 

[0030] Any feature or combination of features described herein are included within the 
scope of the present invention provided that the features included in any such combination 
are not mutually inconsistent as will be apparent from the context, this specification, and the 
knowledge of one of ordinary skill in the art. 

[0031] Additional advantages and aspects of the present invention are apparent in the 
following detailed description and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] Figure 1 shows the regions of botulinum toxin type A for possible glycosylation (N- 
linked oligosaccharides). Sugars for glycosylation include: hexose (e.g., man., gal.), hexNAc 
(e.g., GlcNAc, GalNAc), deoxyhexose (e.g., fucose), NeuAc, NeuGc, pentose (e.g., xylose), 
KDN, and Hex A (e.g., glucuronic acid). 

[0033] Figure 2 shows the regions of botulinum toxin type A for possible glycosylation (O- 
linked oligosaccharides). Sugars for glycosylation include: hexose (e.g., man., gal.), hexNAc 
(e.g., GlcNAc, GalNAc), deoxyhexose (e.g., fucose), NeuAc, NeuGc, pentose (e.g., xylose), 
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[0034] Figure 3 shows the expression of BoNT/A-LC in insect cells with baculovirus 
expression system: SDS-PAGE: Coomassie blue stain. 

[0035] Figure 4 shows expression of BoNT/A-LC in insect cells with baculovirus 
expression system, wherein BoNT/A-LC is specifically recognized by both anti-BoNT/A-LC 
pAb and His-tag mAb. Upper panel: anti-His-tag mAb; lower panel: anti-LC/A pAb. 

[0036] Figure 5 shows BoNT/A-LC expressed in insect cells with baculovirus expression 
system, wherein BoNT/A-LC specifically cleaves the LC/A specific substrate SNAP25 as 
shown by GFP-SNAP25 cleavage assay, indicating that insect cells can survive with LC 
expression. 

[0037] Figure 6 shows full length inactive BoNT/A (iBoNT/A) expressed in insect cells 
with baculovirus expression system. iBoNT/A is specifically recognized by both anti- 
BoNT/A-LC pAb and anti-toxin/ A pAb, indicating that BEVS has the capacity of expressing 
full length BoNT. 

[0038] Figure 7 shows BoNT/A-HC Expressed in baculovirus expression system is 
specifically recognized by either anti-toxin pAb or anti-his-tag mAb. 

[0039] Figure 8 shows BoNT/A-LC or iBoNT/A expressed in baculovirus expression 
system, wherein BoNT/A-LC and iBoNT/A is specifically recognized by either anti-toxin-LC 
pAb or anti-toxin-A pAb, respectively. 

[0040] Figure 9 shows that iBoNT/A and iBoNT/A-LC are inactive indicated by the GFP- 
SNAP25 cleavage enzymatic activity assay. 

[0041] Figure 10 shows the amino acid sequence for iBoNT/A-Hall (Allergan) (H227Y)- 
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His6 baculovirus expression vector system (rec-iBoNT/A (H227Y)-His6). This rec- 
iBoNT/A is recognized by Anti-Toxin polyclonal antibody. 

[0042] Figure 11 shows that BEVS-expressed rec-iBoNT/A (H227Y)-His6 has a different 
mobility from the native Clostridial-produced BoNT/A pure A, which may indicate that the 
BEVS-expressed rec-iBoNT/A (H227Y)-His6 is glycosylated in insect cells. 

DEFINITIONS 

[0043] The term "rescue agent" means any molecule that is effective to compete (directly or 
indirectly) with an active botulinum toxin, and thereby neutralizes the intoxicating effects of 
the active botulinum toxin. For example, a rescue agent may comprise an iBoNT that can 
compete with the active botulinum toxin at receptor sites on a nerve ending, and prevent the 
active botulinum toxin from entering into the nerve ending. Rescue agents comprising 
iBoNTs have reduced antigenicity, e.g., the iBoNT have reduced antigenicity. In accordance 
with the present invention, rescue agents comprising an iBoNT which does not have reduced 
antigenicity is to be administered to the mammal for treatment after the mammal has become 
exposed to botulinum toxin intoxication. The term "rescue agent" also means any molecule 
that can bind to the active botulinum toxin and facilitate its removal from the circulatory 
system. For example, a rescue agent may comprise a modified NTNH that can bind to the 
active botulinum toxin to form a complex, whereby the complex is cleared by the liver and/or 
kidney. As used herein, "rescue agents" exclude antigenic iBoNTs that are administered 
prior to botulinum toxin intoxication, antibodies/antitoxins to botulinum toxins, gamma 
globulins, human hyperimmune globulins, metalloprotease inhibitors (e.g. BABIM), 3,4- 
diaminopyridines (3,4-DAP), The excluded rescue agents are not part of the present 
invention because they are not very effective, e.g., they neutralize the botulinum toxins too 
slowly, have very low affinity to the toxins, and/or does not effectively facilitate the 
clearance of the toxins. 

[0044] The term "botulinum toxin intoxication" means a condition caused by one or more 
of the seven serotypes of active botulinum toxins usually produced by Clostridium 



DOCKET NO.: ALLE0004-100 
(17614/BOT) 



-15- 



PATENT 



botulinum. The symptoms of botulinum toxin intoxication include acute symmetric, 
descending flaccid paralysis with prominent bulbar palsies, typically presenting within 12 to 
72 hours after exposure. Botulinum toxin intoxication may be fatal if it is not properly 
treated. 

[0045] The term "botulinum toxin" ("BoNT") means active or inactive botulinum toxin, 
unless it is specifically designated as inactive botulinum toxin ("iBoNT) or active BoNT. 
The term "botulinum toxin" also means a single chain botulinum toxin or a di-chain 
botulinum toxin, unless it is specifically designated. 

[0046] The term "single chain botulinum toxin" means a botulinum toxin having a light 
chain and a heavy chain being within a single peptide. 

[0047] The term "di-chain botulinum toxin" means a botulinum toxin having a light chain 
on one peptide, and a heavy chain on another peptide, wherein the light chain and the heavy 
chain are linked by a disulfide bond. 

[0048] The term "heavy chain" means the heavy chain of a botulinum toxin. It has a 
molecular weight of about 100 kDa and can be referred to herein as heavy chain or as H. 

[0049] The term "H N " means a fragment (having a molecular weight of about 50 kDa) 
derived from the Heavy chain of a botulinum toxin, which is approximately equivalent to the 
amino terminal segment of the Heavy chain, or the portion corresponding to that fragment in 
the intact Heavy chain. It is believed to contain the portion of the natural or wild type 
botulinum toxin involved in the translocation of the light chain across an intracellular 
endosomal membrane. 

[0050] The term "H c " means a fragment (about 50 kDa) derived from the Heavy chain of a 
botulinum toxin which is approximately equivalent to the carboxyl terminal segment of the 
Heavy chain, or the portion corresponding to that fragment in the intact Heavy chain. It is 
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believed to be immunogenic and to contain the portion of the natural or wild type botulinum 
toxin involved in high affinity binding to various neurons (including motor neurons), and 
other types of target cells. 

[0051] The term "light chain" means the light chain of a botulinum toxin. It has a 
molecular weight of about 50 kDa, and can be referred to as light chain, L or as the 
proteolytic domain (amino acid sequence) of a botulinum toxin. The light chain is believed 
to be effective as an inhibitor of exocytosis, including as an inhibitor of neurotransmitter (i.e. 
acetylcholine) release when the light chain is present in the cytoplasm of a target cell. 

[0052] The term "active botulinum toxin" means a botulinum toxin that is capable of 
substantially inhibiting release of neurotransmitters from nerve terminals or cells. In some 
embodiments, the active botulinum toxins are di-chain, having a light chain and a heavy 
chain linked by a disulfide bond. 

[0053] The term "inactive botulinum toxin" ("iBoNT") means a botulinum toxin that is not 
toxic to a cell. For example, an iBoNT has minimal or no ability to interfere with the release 
of neurotransmitters from a cell or nerve endings. In some embodiments, the iBoNT has less 
than about 50% of the neurotoxic effect (e.g., ability to inhibit release of neurotransmitter) of 
an identical BoNT that is active. For example, an iBoNT/A has less than about 50% of the 
neurotoxic effect of an identical BoNT/A that is active. In some embodiments, the iBoNT 
has less than about 25% of the neurotoxic effect of an identical BoNT that is active. In some 
embodiments, the iBoNT has less than about 10% of the neurotoxic effect of an identical 
BoNT that is active. In some embodiments, the iBoNT has less than about 5% of the 
neurotoxic effect of an identical BoNT that is active. Inactive botulinum toxins are well 
known to those skilled in the art. For example, see U.S. Patent No. 6,051,239 to Simpson et 
al. In some embodiments, the iBoNT comprises a heavy chain and a light chain, wherein the 
light chain is mutated as to have minimal or no ability to interfere with the release of 
neurotransmitters from a cell or a nerve ending. In some embodiments, the heavy chain is 
modified as to reduce antigenicity. In some embodiments, iBoNT is a single chain peptide. 
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[0054] The term "reduced antigenicity" means the ability to induce the production of 
antibody in a mammal is minimal or non-existence. For example, molecules which are 
glycosylated have reduced antigenicity because they have minimal or no ability to induce an 
immune response for the production of antibody in a mammal. Also, epitope regions on a 
molecule are responsible for the induction of antibodies in a mammal. Thus, molecules with 
epitope regions mutated or deleted have reduced antigenicity because these regions are no 
longer present on the molecule to stimulate antibody production. For example, an iBoNT 
comprising a mutated or deleted epitope region within its heavy chain at the carboxy terminal 
(He) has reduced antigenicity (discussed below). In some embodiments, the administration 
of a glycosylated BoNT into a mammal induces less production of antibody as compared to 
an administration of an identical BoNT which is not glycosylated, by about 2-fold, preferably 
4-fold, more preferably 8-fold or more. 

[0055] The term "targeting moiety" means a molecule that is recognized by and binds to a 
transporter in the liver and/or kidney, wherein the transporter transports the molecule out of 
the circulatory system. 

[0056] The term "mammal" as used herein includes, for example, humans, rats, rabbits, 
mice and dogs. 

[0057] The term "local administration" means direct administration by a non-systemic route 
at or in the vicinity of the site of an affliction, disorder or perceived pain. 

DESCRIPTION OFJEMBODIMENTS 

[0058] The present invention relates to rescue agents for use in the treatments of toxin 
intoxication — for example botulinum intoxication, which can result from food poisoning, an 
act of bioterrorism, or from accidental overdose in the course of treatment. 

[0059] In some embodiments, one or more rescue agents may be administered after the 
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exposure to the toxin. In some embodiments, the rescue agents do not rely on the production 
of antibodies to render therapeutic effects. As such, the rescue agents may be administered 
shortly before the intoxication and may still be effective to neutralize the deleterious effects 
of the active botulinum toxin. 

[0060] In some embodiments, a rescue agent comprises an iBoNT. The iBoNT can be any 
inactive toxin. In some embodiments, the iBoNT include, but are not limited to, inactivated 
botulinum toxin types A, B, Ci, D, E, F, G and/or fragments thereof. The iBoNT employed 
in accordance with the present invention has minimal or no ability to interfere with the 
release of neurotransmitters from a cell or nerve endings. In some embodiments, the iBoNT 
comprises a heavy chain and a light chain, wherein the light chain is mutated as to have 
minimal or no ability to interfere with the release of neurotransmitters from a cell or a nerve 
ending. In some embodiments, the iBoNT is a single chain. In some embodiments, the 
iBoNT is a di-chain. In some embodiments, iBoNT is iBoNT/A having the amino acid SEQ 
ID NO:4 (Figure 10). 

[0061] In some embodiments, the iBoNT has reduced or no antigenicity. Reduction in 
antigenicity can be accomplished in many ways. Such toxins can comprise, for example, a 
modified or deleted He region. The antigenicity of the He region is reported in Atassi et al., 
Crit. Rev. Immunol., 1999, 19, 219-260, which is incorporated herein by reference in its 
entirety. Amino acids deemed critical or necessary for the antigenicity can be substituted for 
or deleted in order to reduce or eliminate antigenicity. Another method of reducing or 
eliminating antigenicity is through glycosylation, which is discussed in more detail below. 

[0062] . Preferably, the iBoNTs compete effectively with the active botulinum toxin, as to 
prevent the active botulinum toxin from intoxicating the mammal. In some embodiments, the 
iBoNT comprises a light chain having the amino acid sequence set forth in SEQ ID NO: 4. 

[0063] Nontoxic nonhemagglutinin (NTNH) is a 130-kDa peptide which forms a complex 
with the botulinum toxin after the botulinum toxin is expressed in the anaerobic Clostridial 
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botulinum. For BoNT/A-Hall, the NTNH may be 138 kDa. See for example, Zhang, Lin, Li 
and Aoki, Complete DNA sequences o the botulinum neurotoxin complex of Clostridium 
botulinum type A-Hall (Allergan) strain, Gene 351(2003): 21-32 (received April 5, 2003 and 
accepted June 24, 2003). Without wishing to limit the invention to any theory or mechanism 
of operation, it is believed that modified NTNH may act as a rescue agent by binding to the 
active botulinum toxin that is intoxicating the mammal and escorting it to the liver and/or 
kidney, wherein the modified NTNH/active BoNT complex is cleared out of the body. In 
some embodiments, the modified NTNH comprises an NTNH covalently linked to a 
targeting moiety. Non-limiting examples of targeting moieties include molecules that are 
recognized by transporters in the kidney and/or liver that can transport these molecules out of 
the circulatory system. Such transporters include the P-gp, MRP2, BSEP and ABC 
transporters. 

[0064] In some embodiments, targeting moieties include molecules that are recognized by 
the ABC transporters. Non-limiting examples of the ABC transporter targeting moieties 
include verapamil, cyclosporin A, tamoxifen, valspodar, biricodar, tariquidar, zosuquidar, 
laniquidar, ONT-093, digoxin, digitalis or digitalis glycosides such as digitoxin, alpha- 
methyldigoxin, beta-acetyldigoxin and ouabain and mixtures thereof. 

[0065] In some embodiments, the NTNH is covalently linked to the targeting moiety using 
chemical techniques commonly known in the art. For example, see Example 16 and U.S. 
Patent No. 6,203,794 to Dolly et al., the disclosure of which is incorporated in its entirety by 
reference herein. In some embodiments, the NTNH and the targeting moiety are expressed as 
a fusion protein, using techniques know to one of ordinary skill in the art. 

[0066] HA70 and HA34 are proteins are similar to NTNH in that each may bind to BoNT, 
as does NTNH. Accordingly, HA70 or HA34 may be linked to a targeting moiety to form a 
modified HA70 or a modified HA34, respectively. In some embodiments, the modified 
HA70 and/or modified HA34 may be used as rescue agents in a manner similar to the 
modified NTNH. 
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[0067] In some embodiments, the NTNH may be employed as rescue agents. For example, 
an NTNH comprising a protease site (native or non-native) that is capable of digesting BoNT 
may be used as a rescue agent in accordance with the present invention. 

[0068] In some embodiments, the method of treating botulinum toxin intoxication in a 
mammal comprises administering to the mammal an effective amount of an iBoNT, modified 
NTNH, or a combination thereof. 

[0069] In some embodiments, both iBoNT and modified NTNH are administered to the 
mammal. In some embodiments, the modified NTNH specifically binds to active botulinum 
toxin and does not bind to or has reduced binding to the iBoNT. As such, iBoNT should be 
different from the active BoNT (deletion of certain regions of iBoNT); active BoNT has a 
sequence/domain which is only recognized by the modified NTNH; modified active BoNT 
has a sequence/domain which is only recognized by the modified NTNH (for treating toxin 
overdose); NTNH has a protease activity that binds to active BoNT and cleave the active 
BoNT; NTNH has a sequestration domain that sequester BoNT to liver and kidney clearance. 

[0070] The iBoNT, modified NTNH, or a combination thereof may be administered orally 
or intravenously. In some embodiments, the iBoNT, modified NTNH, or a combination 
thereof may be administered locally by injection. In some embodiments, iBoNT and/or 
modified NTNH may be prepared as oral formulations by methods known in the art. See for 
example, CA 02415712 (2003-01-10) to Frevert, the disclosure of which is incorporated in its 
entirety herein by reference. 



[0071] An ordinarily skilled medical provider can determine the appropriate dose and 
frequency of administration(s) of iBoNT and/or modified NTNH to achieve an optimum 
clinical result. That is, one of ordinary skill in medicine would be able to administer the 
appropriate amount of the iBoNT and/or NTNH at the appropriate time(s) to effectively 
prevent or treat BoNT intoxication. 
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[0072] In some embodiments, the mammal being treated is additionally subjected to close 
respiratory monitoring and feeding by enteral tube or parenteral nutrition, intensive care, 
mechanical ventilation, and/or treatment of secondary infections. 

[0073] Glycosylated toxins: 

[0074] The present invention is also directed to botulinum toxins, or fragments thereof, that 
are glycosylated. Hereinafter, glycostylated BoNT are referred to as "gBoNT." The 
fragments of the g-BoNTs include a light chain (LC) or a heavy chain (HC) of the g-BoNT. 
In some embodiments, the g-BoNT include, but are not limited to, active g-BoNT types A, B, 
Ci, D, E, F, G and/or fragments thereof. In some embodiments, the g-BoNT include, but are 
not limited to, g-iBoNT types A, B, Ci, D, E, F, G and/or fragments thereof. For example, 
active or inactive toxins that may be glycosylated include the toxins disclosed in U.S. Patent 
Application No. 10/163,106, the disclosure of which is hereby incorporated in its entirety by 
reference. iBoNT that may be glycosylated include the iBoNTs disclosed in U.S. Patent No. 
6,051,239, the disclosure of which is incorporated in its entirety herein by reference. 

[0075] In a broad embodiment, a g-BoNT is produced biologically. For example, a nucleic 
acid sequence encoding a toxin may be inserted into a vector, wherein the vector is 
transfected into a host cell for expression. Accordingly, a nucleic acid sequence encoding an 
active BoNT and/or iBoNT may be expressed into active g-BoNT and/or g-iBoNT, 
respectively. In some embodiments, a nucleic acid sequence encoding an active BoNT/A 
and/or iBoNT/A may be expressed into an active g-BoNT/A and/or g-iBoNT/A, respectively. 
Non-limiting examples of nucleic acid sequences which encode for iBoNT include those that 
have mutations at the region encoding for a zinc binding motif in the light chain. For 
example, a wild type nucleic acid sequence comprising a sequence encoding the zinc binding 
motif His-Glu-x-x-His (SEQ ID NO: 1) may be mutated to express Gly-Thr-x-x-Asn, (SEQ 
ID NO: 2), wherein x is any amino acid. See U.S. Patent No. 6,051,239, the disclosure of 
which is incorporated in its entirety herein by reference. 
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[0076] Any host cell may be used in accordance with this invention, as long as the host cell 
has the biological machinery to glycosylate the expressed toxin. In some embodiments, the 
host cell is capable of glycosylating the expressed toxin with at least one of an N- 
acetylglucosamine, mannose, glucose, galactose, fucose, sialic acid and/or an oligosaccharide 
comprising two or more of the identified saccharides. In some embodiments, eukaryotic 
systems may be used to produce g-BoNT, or fragments thereof. For example, yeast may be 
used to express large amounts of glycoprotein at low cost. However, a major draw back of 
using yeast is that both N- and O-glycosylation apparatus differs from that of higher 
eukaryotes. In some embodiments, mammalian cells are used as host for expression genes 
obtained from higher eukaryotes because the signal for synthesis, processing and secretion of 
these proteins are usually recognized by the cells. For example, Chinese Hamster Ovary 
(CHO) cells are very well known for production of eukaryotic proteins or glycoproteins, 
since these cells can grow either attached to the surface or in suspension and adapt well to 
growth in the absence of serum. Researchers have developed several CHO mutant cell lines 
carrying one or more glycosylation mutation/s. Stanley, P., Molecular and Cellular Biology, 
9(2):377-383 (1989). These mutant cell lines are called "Lec" for Lectin resistant. Stanley, 
P. et al., Cell, 6: 121-128 (1975). These cell lines lack one or more of the key enzymes 
involved in the glycosylation pathway, thus resulting in the production of glycoprotein with 
carbohydrates of defined structure and minimal heterogeneity. Lec-1 is one such cell line 
which lacks a key enzyme N-acetyl Glucosaminetransferase-1 . The absence of this enzyme 
results in the inhibition of glycosylation pathway after the carbohydrates trim down to 
Man(2)GlcNAc(2), leading to production of reduced, but homogeneous glycosylation (Man = 
manose and GlcNAc = n-acetylglucosamine). 

[0077] In some embodiments, the g-BoNT of the present invention may be expressed in 
insect cells. For example, baculovirus based expression system makes insect cell lines an 
ideal system for high-level transient expression of glycoproteins. Proteins that are N- 
glycosylated in vertebrate cells are also generally glycosylated in insect cells. The first step 
of N-glycosylation in insect cells is similar to that in vertebrates. Usually, the 
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Man(9)GlcNaC(2) moiety is trimmed to shorter oligosaccharide structures of 
Man(3)GlcNAc(2) in both insect cells and vertebrates. In vertebrates, these shorter core 
structures serve as the framework for complex oligosaccharide synthesis, while in insect cells 
this additional, complex oligosaccharide synthesis does not appear to occur in many cases, 
thus leading to restricted and less heterogeneous glycosylation. 

[0078] In some embodiments, an insect cell comprising a baculovirus is employed to express 
a g-BoNT or a g-iBoNT. In some embodiment, an insect cell comprising a baculovirus is 
employed to express an active g-BoNT/A, an active g-BoNT/A-LC, an active g-BoNT/A-HC, 
a g-iBoNT/A, a g-iBoNT/A-LC and/or a g-iBoNT/A-HC. 

[0079] Sometimes the natural glycosylation system in insect cells may not meet the 
requirement of the complex glycosylation for protein therapeutics. In such a case, a special 
cell line may be used, such as Mimic Sf9 insect cell (available from Invitrogen, Carlsbad, 
CA, USA) for high level expression of complex glycoproteins in insect cells. Hollister, J. et 
ah, Biochemistry, 41:15093-15104 (2002); Hollister, J. et al., Glycobiology 11:1-9 (2001); 
Hollister, J. et al., Glycobiology, 8:473-480 (1998); Jarvis, D. et al., Curr Opin Biotechnol, 
9:528-533 (1998); and Seo, N.S. et al., Protein Expr Purif, 22: 234-241. Briefly, mammalian 
cells require expensive media supplements and expression levels are relatively low when 
compared to expression in other hosts. Insect cells offer several advantages over mammalian 
cells — growth at room temperature, lower media costs, and production of high levels of 
recombinant protein. The disadvantage of using insect cells is that the majority of proteins 
produced do not exhibit the complex glycosylation seen in mammlian cells. This can affect 
protein function, structure, antigeniticity and stabililty. The Mimic Sf9 Insect Cell Line 
contains stably integrated mammalian glycosyltransferases, resulting in the production of 
biantennary N-glycans. Mimic Sf9 Insect Cells enable expression of proteins that are similar 
to what would be produced in mammalian cells, making them suitable for producing proteins 
to of the present invention. 

[0080] In some embodiments, the g-BoNTs are glycosylated at one or more N-glycosylation 
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sites of a botulinum toxin. For example, an N-glycosylation site include the consensus 
pattern Asn-Xaa-Ser/Thr. It is noted, however, that the presence of the consensus tripeptide 
is not sufficient to conclude that an asparagine residue is glycosylated, due to the fact that the 
folding of the protein plays an important role in the regulation of N-glycosylation. It has 
been shown that the presence of proline between Asn and Ser/Thr will inhibit N- 
glycosylation. This aspect has been confirmed by recent statistical analysis of glycosylation 
sites, which also shows that about 50% of the sites that have a proline C-terminal to Ser/Thr 
are not glycosylated. It is also noted that there are a few reported cases of glycosylation sites 
with the pattern Asn-Xaa-Cys. 

[0081] In some embodiments, known glycosylation sites may be deleted or mutated to 
create a desirable glycosylation pattern on the g-BoNT. Various mutation techniques are 
known and may be employed in accordance with the present invention. For example, site 
directed mutagenesis can be used to change the N-glycosylation sites. Asn of Asn-X-Ser/Thr 
(consensus sequence for N-glycosylation site) can be changed to Gin, since Gin is 
structurally similar to Asnand it posses a single net charge also. Single, double and triple 
mutants of glycosylation may be generated to study the effect of specific glycosylation 
inhibition on protein expression and function. 

[0082] For example, site directed mutagenesis is a useful technique which allows one of 
ordinary skill to specifically mutate a single base pair leading to change in amino acid (e.g., 
glycosylation site) and study its effect on the function of the enzyme or on activity of the 
protein. Change in molecular weight of the protein will provide the information about 
glycosylation at that particular site. If a protein has more than one glycosylation site, it will 
help in determining which oligosaccharide structure exists on which glycosylation site. 
These studies help figure out which glycosylation site is most important in activity of a 
protein and thus could provide some information about the protein's ligand binding site. 
Some of the studies include, for example, Chiang et al., Archives of Biochemistry and 
Biophysics, 352(2):207-213 (1998), which reported that glycosylation on either site of 
thrombane A2 receptor is sufficient for ligand recognition, but glycosylation on both sites is 
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required to maintain binding affinity and specificity. Planquart et al., European Journal of 
Biochemistry, 262:644-651 (1999), reported that only one of the four glycosylation sites of 
HGL significantly influences the enzymatic activity and presence of carbohydrates on HGL 
might protect it from the digestive enzymes in the stomach. Fan et al., European Journal of 
Biochemistry 246:243-251 (1997), observed that three N-glycosylaton mutants showed 
reduced half-life and different degrees of inhibition of processing of their N-glycans. Also, 
they reported that mutants of one particular site abolished the enzymatic activity, eliminated 
cell-surface expression and prevented the dimerization of the DPPIV protein. In another 
report, solubility of the protein CIP was found to be linearly dependent on the number of 
carbohydrate residues attached. See also Tarns et al., Biochimica et Biophysica Act 
1432:214-221 (1999). 

[0083] In some embodiments, the g-BoNT is glycosylated at one or more O-glycosylation 
sites. O-glycosylation sites are usually found in helical segments which means they are 
uncommon in the beta-sheet structure. Currently, there is no known consensus pattern for an 
O-glycosylation site. 

[0084] Crystal structure of BoNT/A-Allergan shows the potential sites of N-glycosylation on 
the surface as follows: 173-NLTR, 382-NYTI, 411-NFTK, 417-NFTG, 971-NNSG, 1010- 
NISD, 1198-NASQ, 1221-NLSQ. In some embodiments, g-BoNT/A (including g-iBoNT/A) 
is glycosylated at 173-NLTR, 382-NYTI, 411-NFTK, 417-NFTG, 971-NNSG, 1010-NISD, 
1 198-NASQ and/or 1221-NLSQ. Potential sites of N-glycosylation for BoNT/E are as 
follows: 97-NLSG, 138-NGSG, 161-NSSN, 164-NISL, 365-NDSI, and 370-NISE. In some 
embodiments, g-BoNT/E (including g-iBoNT/E) is glycosylated at 97-NLSG, 138-NGSG, 
161-NSSN, 164-NISL, 365-NDSI, and/or 370-NISE. 

[0085] In some embodiments, BEVS-insect cells may glycosylate a protein in endoplasmic 
reticulum (ER) on its consensus Asn-X-Ser/Thr recognized in an appropriate context by 
oligosaccharyltransferase found in the ER and Golgi complex. Like most eukaryotic ERs, 
insect ER enzymes can attach at least a Glc3Man9GlcNAc2 (molecular weight of about 2600 
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dalton). The Glc 3 Man 9 GlcNAc2 is the core structure that serves as the framework for 
complex oligosaccharide synthesis involving further GlcNAc, Gal or sialic-acid additions. 

[0086] In some embodiments, a g-BoNT (including g-iBoNT) of the present invention 
comprises more than one Glc 3 Man 9 GlcNAc 2 , for example five to twenty Glc3Man 9 GlcNAc 2 . 
In some embodiments, the glycosylation constitute more than about 2% of the g-BoNT 
(including g-iBoNT) by weight. In some embodiments, the glycosylation constitute more 
than about 5% of the g-BoNT (including g-iBoNT) by weight. In some embodiments, the 
glycosylation constitute more than about 10% of the g-BoNT (including g-iBoNT) by weight. 

[0087] In some embodiments, the g-BoNT/A or g-iBoNT/A is about 150 kDa, and the 
glycosylation adds about 20 to 30 kDa to the protein. In some embodiments, the g-BoNT/A 
or the g-iBoNT/A has about eight to twelve Glc 3 Man 9 GlcNAc2 (molecular weight of about 
2600 dalton). In some embodiments, the g-BoNT/A or g-iBoNT/A is glycosylated with 
Glc 3 Man 9 GlcNAc 2 at positions 173-NLTR, 382-NYTI, 411-NFTK, 417-NFTG, 971-NNSG, 
1010-NISD, 1198-NASQ, 1221-NLSQ. 

[0088] In some embodiments, a toxin may be glycosylated chemically to form a g-BoNT. 
One of ordinary skill may refer to the following references as a guide to chemically 
glycosylating a toxin of the present invention: Sofia, M.J., 1:27-34 (1996); Meldal, M., 
4:710-718 (1994); Meldal, M., et al., 41:250-260 (1993); Vetter, D., et al., 34: 60-63 (1995); 
Chan, T.-Y. et al., "Abstracts of Papers", 211th National Meeting of the American Chemical 
Society, New Orleans, LA, March, 1996; American Chemical Society: Washington, D.C., 
1996; MED 198; Allanson, N., et al. "Abstracts of Papers", 21 1th National Meeting of the 
American Chemical Society, New Orleans, LA, March, 1996; American Chemical Society: 
Washington, D.C., 1996; MED 199. 

[0089] In some embodiments, attaching a saccharide unit can be accomplished either by 
direct glycosylation of the toxin or by construction of a non-glycosidic linkage between the 
sugar and the toxin subunit. Construction of glycopeptide conjugates on the solid phase is 
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the most developed of conjugate strategies for application to combinatorial constructions. In 
fact, the construction of several glycopeptide libraries has been reported. Two approaches 
which have been successful implemented for library generation are the "building blocks" and 
"convergent" strategies. 

[0090] The "building blocks" approach uses preformed glycosylated amino acids and relies 
on the formation of the peptide bond between each amino acid. This approach allows 
diversity to be introduced by varying the nature of the glycosylated amino acid in a fashion 
similar to the generation of a standard peptide combinatorial library. The construction of 
glycopeptide libraries employing the building blocks strategy has been reported. 

[0091] Successful demonstrations of the "convergent" approach for the construction of 
glycopeptides include the attachment of the sugar unit to the peptide through an amide bond 
construction. These demonstrations have either the peptide or the saccharide attached to the 
solid support. The alternative approach, requiring site-selective glycosylation of a polymer 
bound peptide, has not been successfully demonstrated for the formation of peptide 
conjugates. 

[0092] One of ordinary skill in the art may also employ the emerging chemical 
GlycoConjugation/GlycoPEGylation technology for making glycoproteins and their mimetics 
to attach different molecules to BoNTs, again via the glycans. 

[0093] Glycosylation and clearance: 

[0094] In some embodiments, the g-BoNTs are used to treat various conditions that may be 
treated with the traditional toxins. For example, a active g-BoNT may be used to treat 
muscular disorder, autonomic nervous system disorder and pain. Non-limiting examples of 
neuromuscular disorders that may be treated with a modified neurotoxin include strabismus, 
blepharospasm, spasmodic torticollis (cervical dystonia), oromandibular dystonia and 
spasmodic dysphonia (largyngeal dystonia).. Non-limiting examples of autonomic nervous 
system disorders include rhinorrhea, otitis media, excessive salivation, asthma, chronic 
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obstructive pulmonary disease (COPD), excessive stomach acid secretion, spastic colitis and 
excessive sweating. Non-limiting examples of pain which may be treated in accordance to 
the present invention include migraine headache pain that is associated with muscle spasm, 
vascular disturbances, neuralgia, neuropathy and pain associated with inflammation. 

[0095] As with the traditional toxins, the active g-BoNTs would be administered locally, 
e.g., intramuscularly, to render a localized effect. However, if the locally administered active 
toxin or active g-BoNT accidentally enters into the circulatory system, the active g-BoNT is 
advantageous over the active non-glycosylated toxin in that it will clear the circulatory 
system relatively quickly — minimizing potential systemic toxicity. In some embodiments, 
the active g-BoNTs clears the circulatory system faster than an identical active non- 
glycosylated toxin by a factor of 2, preferably 4, more preferably 8 or more. In some 
embodiments, the active g-BoNT clears the circulatory system faster than an identical active 
non-glycosylated BoNT by a factor of 2, preferably 4, more preferably 8 or more. In some 
embodiments, the active g-BoNT type A clears the circulatory system faster than an identical 
active non-glycosylated BoNT type A by a factor of 2, preferably 4, more preferably 8 or 
more. 

[0096] Glycosylation reduces antigenicity: 

[0097] Without wishing to limit the invention to any theory or mechanism of operation, it is 
believed that the absence of glycosylation in a protein leads to the formation of aggregates 
and the aggregates enhance immunogenicity. Thus, it is further believed that the presence of 
glycosylation reduces aggregation, resulting in reduced immunogenicity. Schellekens, H., 
Nat Rev Drug-Discov 1, 457-462 (2002), and Schellekens, H., Clin Ther 24; 1720-1740 
(2002). 

[0098] Accordingly, g-BoNTs are more advantageous over an identical non-glycosylated 
toxin for use in the clinic, because repeated use of a non-glycosylated toxin will induce an 
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immune response (which ultimately causes non-responsiveness); wherein the g-BoNT has 
reduced antigenicity, and the use of which will not substantially induce an immune response. 
Consequently, g-BoNTs may be employed more frequently and for a longer duration of time. 
In some embodiments, the administration of a g-BoNT into a mammal induces less 
production of antibody as compared to an administration of an identical toxin which is not 
glycosylated, by about 2-fold, preferably 4-fold, more preferably 8-fold or more. In some 
embodiments, the administration of a active g-BoNT into a mammal induces less production 
of antibody as compared to an administration of an identical active BoNT which is not 
glycosylated, by about 2-fold, preferably 4-fold, more preferably 8-fold or more. In some 
embodiments, the administration of an active g-BoNT/A into a mammal induces less 
production of antibody as compared to an administration of an identical active BoNT/A 
which is not glycosylated, by about 2-fold, preferably 4-fold, more preferably 8-fold or more. 

[0099] In some embodiments, an active BoNT and an active g-BoNT are co-administered 
(sequentially or simultaneously) as therapeutics. For example, an active g-BoNT/A and an 
active g-BoNT/A may be co-administered (sequentially or simultaneously) to treat any of the 
conditions mentioned above. 

[00100] Of course, an ordinarily skilled medical provider can determine the appropriate dose 
and frequency of administration(s) to achieve an optimum clinical result. That is, one of 
ordinary skill in medicine would be able to administer the appropriate amount of the of active 
g-BoNT at the appropriate time(s) to effectively treat a condition. The dose of the g-BoNT to 
be administered depends upon a variety of factors, including the severity of the condition. 
The dose of the g-BoNTs employed in accordance with this invention may be equivalent to 
the dose of BOTOX® used in accordance with the present invention described herein. In the 
various methods of the present invention, a g-BoNT at a dose equivalent to about 0.1 U/kg to 
about 15 U/kg, of a BOTOX®, e.g.,botulinum toxin type A, can be administered effectively 
as a therapeutic. In some embodiments, a g-BoNT at a dose equivalent to about 1 U/kg to 
about 20 U/kg of BOTOX® may be administered effectively as a therapeutic. 
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[00101] g-BoNTs that are inactive may also be administered to prevent or treat the 
intoxicating effects of an active toxin. The use of g-iBoNT to neutralize a toxin does not rely 
on the production of antibodies. This is advantageous because the g-iBoNT will compete and 
neutralize the toxin immediately, wherein it would take a long time for the inactive toxin to 
induce antibody production after it is administered to the mammal. For example, in the event 
that a treating physician accidentally administers too much of a toxin during an office 
treatment, it would be advantageous to administer g-iBoNT (as an antidote) to neutralize the 
overdosed toxins immediately. 

[00102] In some embodiments, a g-iBoNT is administered (as an antidote) to prevent or treat 
the intoxicating effects of an active BoNT. For example, an inactive g-iBoNT/A may be 
administered, e.g, systemically, to prevent or treat the intoxicating effects of an active 
BoNT/A. In some embodiments, multiple g-iBoNT types are co-administered to prevent or 
treat the intoxicating effects of an active BoNT. For example, a combination of inactive g- 
iBoNT/A, B, C, D, E, F and/or G may be administered, e.g, systemically, to prevent or treat 
the intoxicating effects of an active BoNT.Primarily, there are three main types of BoNT 
intoxifications: food borne, infant and wound botulism. And unfortunately, there is a fourth 
type of BoNT intoxification: bioterrorism. Foodborne botulism occurs when a person ingests 
pre-formed toxin that leads to illness within a few hours to days. Foodborne botulism is a 
public health emergency because the contaminated food may still be available to other 
persons besides the patient. With foodborne botulism, symptoms begin within 6 hours to 2 
weeks (most commonly between 12 and 36 hours) after eating toxin-containing food. 
Symptoms of botulism include double vision, blurred vision, drooping eyelids, slurred 
speech, difficulty swallowing, dry mouth, muscle weakness that always descends through the 
body: first shoulders are affected, then upper arms, lower arms, thighs, calves, etc. Paralysis 
of breathing muscles can cause a person to stop breathing and die, unless assistance with 
breathing (mechanical ventilation) is provided. Infant botulism occurs in a small number of 
susceptible infants each year who harbor C. botulinum in their intestinal tract. Wound 
botulism occurs when wounds are infected with C. botulinum that secretes the toxin. 
Deliberate bioterror BoNT intoxification may have the following features: outbreak of a large 
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number of cases of acute flaccid paralysis with prominent bulbar palsies; outbreak with an 
unusual botulinum toxin type (e.g., types C, D, F, G or E toxins which are not acquired from 
an aquatic food; outbreak with a common geographic factor among cases (e.g., airport) but 
without a common dietary exposure (e.g., features suggestive of an aerosol attack); and 
multiple simultaneous outbreaks with no common source. In the case of a bioterror 
intoxification, it is advantageous to administer multiple types of g-iBoNT to ensure efficient 
detoxification. 

[00103] An ordinarily skilled medical provider can determine the appropriate dose and 
frequency of administration(s) to achieve an optimum clinical result. That is, one of ordinary 
skill in medicine would be able to administer the appropriate amount of the g-iBoNT at the 
appropriate time(s) to effectively prevent or treat BoNT intoxication. 

[00104] Glycosylation increases half-life: 

[00105] Without wishing to limit the invention to any theory or mechanism of operation, it is 
believed that glycosylation of a protein leads to increased half-life, e.g., stability of the 
compound in the circulatory system. For example, the production of Aranesp™, a clinically 
proven protein therapeutics, involves the use of oligosacharide. Aranesp™ is an 
erythropoiesis stimulating protein that stimulates red blood cell (RBC) production, approved 
in the United States by the Food and Drug Administration (FDA). Aranesp™ is approved for 
the treatment of chemotherapy-induced anemia in patients with nonmyeloid malignancies 
(July 2002), and the treatment of anemia associated with chronic renal failure, including 
patients on dialysis and patients not on dialysis (September 2001). Aranesp™ works by 
stimulating the production of oxygen-transporting RBCs. Aranesp™ has a half-life 
approximately three times longer than the existing standard therapy. Epoetin alfa, marketed 
as EPOGEN @ i for anemic dialysis patients and as Procrit®ii for cancer patients receiving 
chemotherapy and all other indications in the United States. Structurally, Aranesp™ differs 
from Epoetin alfa in that it has two additional N-linked sialic acid-containing carbohydrate 
chain. This results in an approximately three fold longer half-life, which leads to greater 
biological activity and more RBC production over time. The increased potency and longer 
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half-life of Aranesp allows for less-frequent dosing compared with Epoetin alfa without 
compromising efficacy. Less-frequent dosing results in fewer injections for patients. It 
allows patients and caregivers to spend less time scheduling injection visits, and will free up 
physicians and nurses to attend to other patients and work activity. 

[00106] As described above, a g-iBoNT may be administered (as a rescue agent) to prevent 
or treat the intoxicating effects of an active BoNT. For example, an inactive g-iBoNT/A may 
be administered, e.g, systemically, to prevent or treat the intoxicating effects of an active 
BoNT/A. Such use of g-iBoNT is additionally advantageous because the g-iBoNT would 
have an increased half-life as compared to the same iBoNT that is not glycosylated. 
Accordingly, the g-iBoNT is in the circulatory system longer to compete with the 
intoxicating active BoNT. In some embodiments, the g-iBoNT is not glycosylated at sites 
which would facilitate in its clearance from the system, e.g., via the liver or the kidney. In 
some embodiments, the g-iBoNT has a half-life that is greater than an iBoNT by about 2- 
fold, preferably about 4-fold, more preferably more than about 8-fold. 

[00107] An ordinarily skilled medical provider can determine the appropriate dose and 
frequency of administration(s) to achieve an optimum clinical result. That is, one of ordinary 
skill in medicine would be able to administer the appropriate amount of the g-iBoNT at the 
appropriate time(s) to effectively prevent or treat BoNT intoxication. 

[00108] Although examples of routes of administration and dosage are provided, the 
appropriate route of administration and dosage are generally determined on a case by case 
basis by the attending physician. Such determinations are routine to one of ordinary skill in 
the. art (see. for example, Harrison's Principles of Internal Medicine (1998), edited by 
Anthony Fauci et al., 14 th edition, published by McGraw Hill). 

[00109] The present invention also includes formulations which comprise at least one of the 
compositions disclosed herein, e.g, iBoNT, modified NTNH, active g-BoNT, g-iBoNT, etc. 
In some embodiments, the formulations comprise at least one of a iBoNT, modified NTNH, 
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active g-BoNT and g-iBoNT in a pharmacologically acceptable carrier, such as sterile 
physiological saline, sterile saline with 0.1% gelatin, or sterile saline with 1.0 mg/ml bovine 
serum albumin. 

[00110] The BoNT (e.g., active g-BoNT, g-iBoNT, and iBoNT) employed in the methods 
described above may be single chain toxins or di-chain toxins. The present invention also 
provides for methods of making a di-chain BoNT (e.g., di-chain g-BoNT, di-chain g-iBoNT, 
or di-chain iBoNT). BoNTs are initially synthesized as single chain toxin, and are then 
nicked, or cleaved, to form di-chain toxins. Clostridium botulinum bacteria, the bacteria that 
produce botulinum toxins, have endogenous proteases that nick the single chain toxins to 
form the di-chain toxins. For example, the bacterial strains that make active BoNT serotypes 
A, B, F and G possess endogenous proteases that can nick the single chain toxins. Workers 
in the field have also employed various proteases to nick the single chain. For example, 
single chain toxins may be nicked with immobilized TPCK-trypsin (Pierce, Rockford, 111) to 
produce di-chains. For example, see Simpson et al. U.S. Patent No. 6,051,239, the disclosure 
of which is incorporated in its entirety herein by reference. 

[00111] Sagane et al. recently reported that NTNH may cleave itself. Biochem Biophys Res 
Commun. 2002 Mar 29;292(2):434-40. More particularly, Sagane et al. reported that NTNH, 
in both isolated form and the neurotoxin/NTNHA complexed form, was prepared protease- 
free from toxin complexes produced by Clostridium botulinum type D strain 4947. NTNH in 
both preparations was found to be spontaneously converted to the nicked NTNH form 
leading to 15- and 115-kDa fragments with the excision of several amino acid residues at 
specific sites on SDS-PAGE during long-term incubation, while that of the 
eurotoxin/NTl^/hemagglutinin complexed form remained unnicked single-chain 
polypeptides under the same conditions. Considering that the NTNH preparation contained 
small amounts of the nicked form of NTNHA and the addition of trypsin accelerated the 
cleavage, it was speculated that a nicked form of NTNH remaining after the purification 
and/or NTNHA itself catalyzes the cleavage of intact NTNHA. 
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[00112] It is surprisingly discovered herein that NTNH contains a peptidase M27 motif. It is 
also surprisingly discovered herein that NTNH may facilitate in the nicking of a single chain 
botulinum toxin to form a di-chain botulinum toxin comprising a heavy chain and a light 
chain linked by a disulfide bond. Accordingly, the present invention provides for methods of 
making a di-chain botulinum toxin without using Clostridium botulinum bacteria. In some 
embodiments the di-chain toxin formed may be an active botulinum toxin. For example, the 
di-chain toxin formed in accordance with the present invention may be an active BoNT type 
A, B, C, D, E, F and/or G. In some embodiments, the di-chain toxin formed may be an active 
g-BoNT. 

[00113] In some embodiments, the di-chain toxin formed may be a iBoNT. In some 
embodiments, the di-chain toxin formed in accordance with the present invention may be an 
iBoNT type A, B, C, D, E, F and/or G. In some embodiments, the di-chain toxin formed may 
be a g-iBoNT. For example, the di-chain toxin formed in accordance with the present 
invention may be an iBoNT type A, B, C, D, E, F and/or G. 

[00114] In some embodiments, the method comprises the step of expressing a single chain 
botulinum toxin and a NTNH in a non-Clostridium botulinum cell, whereby the NTNH 
facilitates the nicking of the single chain toxin into a di-chain toxin. In some embodiments, 
the NTNH facilitates the nicking of the single chain toxin by directly cleaving the single 
chain to form a di-chain. In some embodiments, the NTNH facilitates the nicking of the 
single chain toxin by causing another peptidase to cleave the single chain to form the di- 
chain. 

[00115] In some embodiments, the single chain botulinum toxin and a NTNH are expressed 
in cells comprising a vector which operatively harbors a nucleotide sequence encoding for 
the single chain toxin and a vector which operatively harbors a nucleotide sequence encoding 
for the NTNH. In some embodiments, the vector which operatively harbors a nucleotide 
sequence encoding for the single chain toxin also operatively harbors a nucleotide sequence 
encoding for the NTNH. Any vector systems may be employed in accordance with the 
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present invention. In some embodiments, the vector may be baculovirus expression system. 
Other systems which may be employed in accordance with the present invention include: any 
prokaryotic and eukaryotic expression vector: pET, GST fusion, His-tag, myc-tag, GFP 
fusion, BFP fusion, or yeast, plant expression vectors. 

[00116] The single chain toxin expressed may be any single chain botulinum toxin known in 
the art. For example, the single botulinum toxin expressed may be one reported by Simpson 
et al. in U.S. Patent No. 6,051,239, the disclosure of which is incorporated in its entirety by 
reference herein. In some embodiments, the single chain botulinum toxin is the BoNT/A 
from the Hall strain. 

[00117] Except for Clostridium botulinum cells, any cells may be employed in accordance 
with the present invention for forming a di-chain toxin. For example, prokaryotic cells or 
eukaryotic cells may be employed. In some embodiments, the eukaryotic cells that may be 
employed in accordance with the present invention include, but are not limited to, PC 12 cells, 
SHSY-5Y cells, HIT-T15 cells, HeLa cells and HEK293 cells, Neo2 cells, CHO cells, yeast 
and plant. In some embodiments, the di-chain BoNT made by eukaryotic cells are 
glycosylated. For example, the di-chain BoNT made by insect cells are glycosylated. In 
some embodiments, active di-chain BoNT made by insect cells are glycosylated. In some 
embodiments, di-chain iBoNT made by insect cells are glycosylated. 

[00118] The method of using the expressed NTNH to facilitate the nicking of the expressed 
single chain toxin in a cell is capable of producing di-chains comprising a light chain and a 
heavy chain with the correct molecular weight. Moreover, this method is very efficient. In 
some embodiments, more than about 25% of the single chain toxin expressed in the cell is 
nicked. In some embodiments, more than 50% of the expressed single chain toxin is nicked. 
In some embodiments, more than 75% of the expressed single chain toxin is nicked. In some 
embodiments, more than 90%, for example 95%, of the single chain toxin is nicked. 

[00119] The present invention also features a method of making a di-chain botulinum toxin 
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in a cell free system. The method comprises the step of contacting a single chain botulinum 
toxin with NTNH in a media, whereby the NTNH facilitates the nicking of the single chain 
toxin into a di-chain toxin. The single chain botulinum toxin and NTNH may be obtained 
from any source. For example, the single chain toxin and/or NTNH may be expressed in a 
cell and are isolated from the cell by conventional means, e.g., lysing the cell to obtain the 
toxin and/or NTNH. 

[00120] In some embodiments, a single chain toxin peptide and a NTNH are placed in a 
media, whereby the NTNH facilitates the nicking of the single chain toxin. In some 
embodiments, the media is a physiological solution. For example, the media may comprise 
the following (millimolar): NaCl (137), KC1 (5), CaCl 2 (1.8), MgS0 4 (1.0), NaHC0 3 (24), 
NaH 2 P0 4 (1), D-glucose (11). Any other formulations of physiological solutions are within 
the scope of the present invention. In some embodiments, the single chain toxin and the 
NTNH are incubated in the media for about 30 minutes to 90 minutes. In some 
embodiments, the single chain toxin and the NTNH are incubated in the media at about 25 
degree to about 35 degree Celsius. 

[00121] The di-chain toxins formed from the single chain toxins may be purified by 
conventional techniques. For example, the expressed single chains may comprise fourteen 
additional amino acids (Arg-Gly-Ser-His-His-His-His-His-His-Gly-Ser-Gly-Thr (SEQ ID 
NO: 3) at the amino terminus. These additional amino acids will also be part of the di-chain 
toxin at the amino terminus one of the chains. The 6xHis sequence within this fourteen 
amino acid segment may be used for purification and subsequent detection of synthesized 
protein. For example, the di-chain having these amino acids may be purified by affinity 
chromatography on Ni-NTA resin using the 6xHis affinity tag. In some embodiments, 
specifically bound di-chains may be eluted with low pH (elution buffer Ph 4.5) and analyzed 
on SDS-PAGE. In some embodiments, the di-chain may be purified to a homogeneity of 
about more than 50%. In some embodiments, the di-chain may be purified to a homogeneity 
of about more than 75%. In some embodiment, the di-chain may be purified to a 
homogeneity of about more than 90%, for example 95%. 
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[00122] In some embodiments, the NTNH comprise a protease that is capable of cleaving the 
single chain BoNT to a dichain BoNT. For example, an NTNH of the present invention may 
comprise a trypsin. In some embodiments, the NTNH is engineered to have endokinase or 
Tev protease catalytic domain. Such engineered NTNH can nick the BoNT that is 
engineered to contain the cleavage sites by endokinase or Tev protease. 

[00123] In order that the invention disclosed herein may be more efficiently understood, 
examples are provided below. It should be understood that these examples are for illustrative 
purposes only and are not to be construed as limiting the invention in any manner. 
Throughout these examples, molecular cloning reactions, and other standard recombinant 
DNA techniques, were carried out according to methods described in Maniatis et al. 9 
Molecular Cloning - A Laboratory Manual, 2nd ed., Cold Spring Harbor Press (1989), using 
commercially available reagents, except where otherwise noted. 

[00124] EXAMPLES 

[00125] Example 1: Expression of BoNT/A-LC in insect cells with baculovirus 
expression system. 

[00126] Methods: pBAC-1 and pBACgus-1 are baculovirus transfer vectors designed for 
simplified cloning and expression of target genes in insect cells. Both these two transfer 
vectors encode an optional C-terminal His tag fusion sequence, which is for easy purification 
of target protein. pBACgus-1 also carries the gus gene encoding beta-glucuronidase that 
serves as a reporter to verify recombinant virus. 

[00127] Full-length iBoNT/A, LC, iLC were subcloned into pBAC-1 or pBACgus-1 vectors. 
For construction of inactive LC and inactive BoNT/A, the point mutant H227Y at LC of 
BoNT/A has been shown to abolish LC activity. Therefore, to make inactive full-length 
BoNT/A, we have introduced the mutant H227Y by PCR with the site mutagenesis 
QuickChange XL kit (Stratagene, CA). The mutagenic oligonucleotide primers have been 
designed individually according to the desired mutation. The sense primer is 5'-GTA AC A 
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TTA GCA CAT GAA CTT ATA TAT GCT GGA CAT AGA TTA TAT GGA ATA GCA 
ATT-3'. The antisense primer is 5'-AAT TGC TAT TCC ATA TAA TCT ATG TCC AGC 
ATA TAT AAG TTC ATG TGC TAA TGT TAC-3\ The positive clones were selected and 
confirmed by restriction enzymes digestion and DNA sequencing. 

[00128] Expression of BoNT/A-LC in BEVS 

[00129] (1) Co-transfection of AcNPV with the transfer plasmid for generating recombinant 
baculo virus in vivo to make baculovirally-expressed BoNT/A-LC. 

[00130] Each transfer vector contains a large tract of AcNPV sequence flanking the 
subcloning region to facilitate homologous recombination. Co-transfection of the transfer 
recombinant plasmid and Autographa californica nuclear polyhedrosis virus (AcNPV) DNA 
into insect Sf9 cells allows recombination between homologous sites, transferring the 
heterologous gene from the vector to the AcNPV DNA. AcNPV infection of Sf9 cells results 
in the shut-off of host gene expression allowing for a high rate of recombinant mRNA and 
protein production. 

[00131] For each transfection, 1.25 x 10 6 exponentially growing Sf9 cells were seeded. The 
cells were allowed to attach to the plate for 20-min. During this 20-min incubation, the 
transfection mixture was prepared. A 500-ng of transfer plasmid LC/A gene, either wild type 
or mutant, 100-ng of linearized AcNPV, and 5 ul of Eufectin were respectively mixed in a 
sterile polystyrene tube. This DNA/Eufectin mixture was incubated at RT for 15 min. The 
medium instead of plasmid DNA was used as a negative control. After the DNA/Eufectin 
15-min incubation was completed, 0.45 ml of room temperature medium (no antibiotics or 
seruni) was added to the DNA/Eufectin mixture. The entire 0.5 -ml of this mixture was added 
to the 1 ml of medium covering the cells in the plate. After 1-hour incubation at 27°C, 6 ml 
of medium containing 5 % serum and antibiotics were added and the resultants were 
incubated at 27 °C for 5 days (1 st run). The transfection samples were listed in the Table 1 
below. 
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[00132] (2) Amplification of recombinant baculoviruses. High titer recombinant virus is 
critical for expression of a target protein. At the end of the 1 st run transfection incubation, the 
medium containing recombinant viruses was harvested from each 60-mm dish and all the 
virus-containing media were used to infect fresh naive cells. Fresh medium was used to 
replace the virus stock after 1 hour infection and the cells were further incubated at 27 °C for 
5-7 days (2 nd run amplification). Above steps were repeated until the titer of recombinant 
virus was high enough to express a detectable target protein. The virus stock was used for 
PCR to confirm the presence of the LC/A gene. The high-titered viruses were used to infect 
the insect Sf21 cells and the cell lysates were used to determine the presence of the LC/A 
protein. 

[00133] (3) Determination of recombinant baculo virus by a reporter gene assay: beta- 
Glucuronidase enzymatic activity assay. The transfer vector pBACgus-1 carries the gus gene 
encoding enzyme beta-Glucuronidase under control of the late basic protein promoter CP<5,<?), 
which serves as a reporter to verify recombinant viruses by using the enzymatic reaction with 
its substrate X-Gluc. About five days post-transfection of each run, a 100 /xl sample of the 
medium from each dish was taken and combined with 5 /xl substrate X-Gluc (20 mg/ml). 
After incubation of a few hours or over-night (lower titer of viruses), recombinant pBACgus- 
containing viruses expressing beta-Glucuronidase was indicated by the blue staining (Figure 
1). 

[00134] (4) Determination of rBoNT/A-LC expression by SDS-PAGE, Western blotting by 
anti-LC/A antibody and anti-His-tag (tagged on LC/A gene) monoclonal antibody. 
[00135] a) Expression of rLC/A indicated by SDS-PAGE and Coomassie blue staining. 
[00136] Expression of BoNT/A-LC was assessed by separation using SDS-PAGE of total 
cell extracts followed with the Coomassie blue staining (Figure 3). A potential target protein 
migrating with the right molecular weight (50 kDa) was revealed only in presence of the cells 
harboring the recombinant baculoviruses of BoNT/A-LC (lane 1-4, Figure 3), which is absent 
in the cells without the recombinant baculoviruses (vector alone, lane 5, Figure 3) or in the 
cells alone (cells alone control, lane 6, Figure 3). Notice that a protein migrating as 62 kDa, 
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present only in the cells harboring pBACgus-l/LC/A but not the cells with pBAC-l/LC/A or 
vector alone or cells alone, is likely the reporter beta-Glucuronidase. 

[00137] Methods: The 2 x 10 5 cells (equal numbers of cells for all samples) were 
resuspended in 100 /xl TE buffer (10 mM Tris-HCl, pH 8.0, 1 mM EDTA). 100 fil of 2X 
lysis buffer with reducing agent and proteinase inhibitors were mixed with the cell 
suspension. The mixture was heated at 95 °C for 5 min and immediately 20 /xl of the above 
sample was loaded in each lane of the precast gel system (4-12% SDS-PAGE Nupage, 
Invitrogen). Notice that equal amount of proteins were loaded for all the lanes. 

[00138] Example 2: Expression of BoNT/A-LC in insect ceils with baculovirus 
expression system, wherein BoNT/A-LC is specifically recognized by both anti-BoNT/A- 
LC pAb and His-tag mAb. 

[00139] Expression of rLC/A was confirmed by SDS-PAGE and Western blotting using 
specific anti-LC/A polyclonal antibody and specific anti-His-tag (tagged on the C-terminal 
LC/A gene) monoclonal antibody. 

[00140] The expression of recombinant LC/A was further determined with a specific anti- 
LC/A polyclonal antibody (pAb) for Western blot analysis. Two duplicating protein blots 
were probed with either anti-LC polyclonal antibody (Figure 4A) or anti-His tag monoclonal 
antibody (Figure 4B). Both antibodies specifically recognized the 50-kDa protein only in 
rLC/A-containing cells (lanes 1-4, not in vector alone or cell alone controls (lanes 5 and 6, 
Figure 3). 

[00141] The data clearly demonstrated that we have successfully expressed both wild type 
and inactive mutant rBoNT/A-LC in BEVS. The experiments also indicated that the 
expression of recombinant BoNT/A-LC is not toxic to insect cells and BEVS is a feasible 
system to express an active toxin. 

[00142] Example 3: BoNT/A-LC expressed in insect cells with baculovirus expression 
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system, wherein BoNT/A-LC specifically cleaves the LC/A specific substrate SNAP25 as 
shown by GFP-SNAP25 cleavage assay. 

[00143] Evaluation of the endopeptidase enzymatic activity of rBoNT/A-LC, both wild type 
and inactive mutant, expressed in BE VS. 

[00144] The endopeptidase enzymatic activity of both wild type and mutant rBoNT/A-LC 
was determined by GFP-SNAP cleavage assay. In principle, this is an in vitro fluorescence 
release assay for quantifying the protease activity of botulinum neurotoxins. It combines the 
ease and simplicity of a recombinant substrate with the sensitivity that can be obtained with a 
fluorescent signal. It is capable of measuring the activity of BoNT/A at low picomolar 
concentrations. 

[00145] Briefly, the high titer of recombinant viruses containing either wild type LC/A or the 
inactive mutant LC/A from 3 rd run was used to infect the insect Sf21 cells. After 3 days post- 
infection, cells were harvested. 1.2 x 10 6 cells from each infection were pelleted and 
resuspended in 100 jul reaction buffer (50 mM HEPES, pH 7.4; 10 uM ZnCl 2 ; 0.1% (v/v) 
Tween-20; no DTT; protease inhibitor cocktail). Cells were lysed on ice for 45 min. After 
spin down the cell debris at 14,000 rpm for 10 min at 4 °C, supernatant was collected and 
analyzed for protein concentration by the BCA assay. For each recombinant LC/A lysate, 
both 5 /xl (3 ug) and 20 /xl (12 ug) were diluted in toxin reaction buffer and added to black v- 
bottom 96-well plates (Whatman) in 25 ul aliquots. Reagents: 2 x Toxin Rxn Buffer 
(lOOmM HEPES, pH 7.2; 0.2%(v/v) TWEEN-20; 20 ^iM ZnC12; 20mM DTT). 

[00146] Assay Rinse Buffer (50mM HEPES, pH 7.4); 8M Guanadine Hydrochloride 
(Pierce); Cp2+ Resin (Talon Superfkw Metal Affinity Resin from BD Biosciences); GFP- 
SNAP25 (134-206) fusion protein substrate Purified. 

[00147] Procedure of LC/A as a positive control: 100 fiL Rxn of 50 mM Hepes, pH 7.4, 10 
mM DTT, 10 uM ZnCl 2 , 0.1 mg/mL BSA, 60 fig GFP-SNAP-His, 0.0001 - 1.0 ug/mL rLC/A 
for 1 hr incubation; terminated by 8M Guanadine Hydrochloride (1 M final concentration); 
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added 100 uL Co resin and incubated 15 min before spin and pass over resin twice. The 
eluted samples were assayed to measure the fluorescent unit by absorbance of an innovative 
microplate reader. 

[00148] The endopeptidase enzymatic activity of baculovirally-expressed recombinant LC/A 
was shown in Figure 5. The wild type LC/A, transfected in both transfer vectors pBAC-1 
and pBACgus-1, showed significant high activity. There was no significant difference 
between the samples of 3 ug and 12 /ig, suggesting that the activity of LC/A in 3 fig lysate 
reached the maximum. Whereas, little or no activity was shown in the inactive mutant LC/A, 
vector alone control, cells alone control, and substrate alone control, indicating that GFP- 
SNAP25 cleavage assay specifically detected the LC/A wild type. Taken together, the data 
of GFP-SNAP assay using the baculovirally-expressed LC/A demonstrated that active LC/A 
was successfully expressed in BE VS. As such, the wild type LC/A expressed in BEVS is 
endopeptidase enzymatically active while the inactive mutant LC was not active. 

[00149] Example 4: Exemplary methods for preparing recombinant baculovirus 
capable of expressing a glycosylated, physiologically inactive or active botulinum toxin 
A in insect cells. 

[00150] For high levels of expression of recombinant proteins bearing post-translational 
modifications such as glycosylated amino acids, insect cells can be infected with recombinant 
baculovirus encoding a gene of interest—here, a physiologically inactive form of the 
botulinum toxin A type (iBoNT/A) — and the insect cells grow and secrete the recombinant 
protein of interest directly into the culture medium. Thus, the recombinant, glycosylated 
protein can be recovered from the insect cell supernatant, saving time and money in the 
purification of recombinant proteins. 

[00151] Using recombinant DNA technology, a transfer vector for use with baculovirus to 
infect Spodoptera frugiperda cells is constructed to contain the gene of interest (iBoNT/A 
cDNA). Ultimately, the iBoNT/A cDNA will be functionally linked to regulatory elements 
necessary for the expression of the protein in insect cells infected with the recombinant 
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baculovirus; the iBoNT/A cDNA is placed under the control of the promoter for the 
polyhedrin gene of baculovirus. Toward this end, it is necessary to effect recombination 
between the transfer vector construct containing the gene of interest and the viral DNA to 
obtain a recombinant baculovirus. Transfer vector pVL1392 (Invitrogen Corporation), 
containing the regulatory regions of polyhedrin up- and down-stream from a polylinker 
containing various restriction is employed. First, appropriately spaced oligonucleotide 
primers encoding restriction endonuclease sites are used to amplify the iBoNT/A cDNA by 
PCR and create restriction sites to facilitate cloning into the transfer vector pVL1392. Next, 
this transfer vector construct is cotransfected into Spodoptera frugiperda cells together with 
the natural baculovirus AcMNPV (Autographa californica multiple nuclear polyhedrosis 
virus). The transfer vector is capable of introducing the sequence encoding the iBoNT/A 
protein into the genome of baculovirus, thereby producing a recombinant baculovirus. The 
recombinant baculovirus thus obtained, which carries the iBoNT/A cDNA under the control 
of the polyhedrin promoter and all the sequences involved in its synthesis, is purified and 
amplified, then used to infect cells of Spodoptera frugiperda in order to express this 
heterologous protein. 

[00152] Methods of culturing insect cells for infection by baculovirus are well known to 
those working in this field. Procedures for their cultivation are disclosed in Summers, M. D. 
et al. 1987, EP Publication No. 127 839, and Smith G. E., U.S. Pat. No. 4,745,051. For the 
purpose of present invention, Spodoptera frugiperda Sf9 cells, which can be grown in 
monolayers or in suspension, are employed. Spodoptera frugiperda Sf21 cells can also be 
employed. Sf9 cell monolayers are incubated at 27° C and divided twice or thrice per week, 
when they reach confluence. Conditions required by cultures in suspension depend on the 
culture medium and the volume of the culture. 

[00153] Details of the methods employed to isolate the recombinant virus are well known to 
those skilled in the art. Generally, 2 jig of DNA of the transfer vector carrying the DNA 
coding for iBoNT/A and 1 fig of AcMNPV viral DNA are cotransfected in a monolayer of 
Spodoptera frugiperda cells. The cells show viral occlusions after 3-4 days, and 10-50% of 
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the cells are infected. The virus passes into the culture medium with a titer of about 10 7 -10 8 , 
and of this, 0.1-0.5% are recombinant viruses. Once the supernatant has been obtained, 
purification of the recombinant virus can begin. The procedure consists of associating a 
limiting dilution with dot-blot hybridization. The cells are seeded in a 96-well dish at a 
concentration of 2x1 0 4 cells per well, and infected with serial dilutions of 10* 1 to 10" 8 of 
baculovirus-containing insect cell supernatant. The dishes are incubated at 27° C, and 
infection is monitored. After 8-10 days, the supernatant is transferred into another dish and 
the cells are lysed. The DNA from each well is transferred onto a nylon membrane (Hybond- 
N) using a dot-blot apparatus, and it is then fixed by ultraviolet light for 3 minutes. Once 
fixed, the fragment representing the iBoNT/A cDNA is detected by hybridization according 
to conventional techniques. 

[00154] The viral supernatant corresponding to the positive clone is subjected to this 
procedure once more. Usually, three cycles of treatment produce a pure recombinant virus 
that no longer produces polyhedrin molecules, but only recombinant protein molecules. Once 
recombinant virus containing DNA encoding the iBoNT/A has been obtained, it is amplified 
and production is begun, and large quantities of glycosylated, iBoNT/A protein can be 
recovered from large scale cultures of insect cells. 

[00155] The protein obtained from infected cells is analyzed by electrophoresis in 
polyacrylamide gels and by Western blotting using polyclonal antibodies and/or His-tag 
antibodies that recognize specific amino acid sequences within the botulinum toxin A type 
protein sequence or epitope tags for confirmation that the iBoNT/A has in fact been 
processed and glycosylated in Spodoptera frugiperda cells. 

[00156] Furthermore, assays for biological activity of the expressed recombinant proteins, 
such as enzymatic cleavage assays, can also be conducted. Additionally, one of ordinary 
skill in the art would be able to adapt this protocol to making active g-BoNT. 

[00157] Example 5: Exemplary methods for co-expressing NTNH and active or iBoNT 
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in insect cells. 

[00158] A second baculoviral construct expressing the NTNH gene can be used to coinfect 
the system of Example 10, whereby high levels of expression of recombinant botulinum toxin 
A and NTNH proteins are coexpressed. In some embodiments, the cells may be infected 
with the construct expressing the single chain BoNT and the construct expressing the NTNH 
simultaneously. In some embodiments, the cells may be infected with the construct 
expressing the single chain BoNT and the construct expressing the NTNH sequentially, in 
which the construct expressing the single chain BoNT may be infected before or after the 
construct expressing the NTNH. 

[00159] Again using recombinant DNA technology, a transfer vector for use with 
baculovirus to infect Spodoptera frugiperda cells is constructed to contain the gene of 
interest (in this case, the gene encoding NTNH gene [residues 963-4556 of Genbank 
Accession U63808]). A recombinant baculovirus with the NTNH gene under the control of 
the promoter for the polyhedrin gene of baculovirus is obtained by recombination in the same 
manner as described in Example 10. The recombinant baculovirus expressing the NTNH 
gene thus obtained is purified and amplified, and along with the recombinant baculovirus 
expressing the iBoNT/A cDNA, both recombinant baculoviral vectors are then used to infect 
cells of Spodoptera frugiperda in order to express both heterologous proteins. The co- 
expression of the two proteins in insect cells should produce a properly nicked iBoNT/A 
protein. 

[00160] Once expressed, the NTNH protein can nick the co-expressed botulinum toxin 
intracellularly. Moreover, the insect cells may grow and secrete the processed di-chain 
botulinum toxin of interest directly into the culture medium. 

[00161] Example 6: Exemplary methods for treatment of pain associated with muscle 
disorder with active g-BoNT 

[00162] An unfortunate 36 year old woman has a 15 year history of temporomandibular 
joint disease and chronic pain along the masseter and temporalis muscles. Fifteen years prior 
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to evaluation she noted increased immobility of the jaw associated with pain and jaw opening 
and closing and tenderness along each side of her face. The left side is originally thought to 
be worse than the right. She is diagnosed as having temporomandibular joint (TMJ) 
dysfunction with subluxation of the joint and is treated with surgical orthoplasty 
meniscusectomy and condyle resection. 

[00163] She continues to have difficulty with opening and closing her jaw after the surgical 
procedures and for this reason, several years later, a surgical procedure to replace prosthetic 
joints on both sides is performed. After the surgical procedure progressive spasms and 
deviation of the jaw ensues. Further surgical revision is performed subsequent to the original 
operation to correct prosthetic joint loosening. The jaw continues to exhibit considerable 
pain and immobility after these surgical procedures. The TMJ remained tender as well as the 
muscle itself. There are tender points over the temporomandibular joint as well as increased 
tone in the entire muscle. She is diagnosed as having post-surgical myofascial pain 
syndrome and is injected with 7 U/kg of the active g-BoNT into the masseter and temporalis 
muscles, preferably the active g-BoNT/A. 

[00164] Several days after the injections she noted substantial improvement in her pain and 
reports that her jaw feels looser. This gradually improves over a 2 to 3 week period in which 
she notes increased ability to open the jaw and diminishing pain. The patient states that the 
pain is better than at any time in the last 4 years. The improved condition persists for up to 
27 months after the original injection of the modified neurotoxin. 

[00165] Example 7: Use of g-BoNT shows a fast clearance rate from circulation: 
[00166] Recent studies have shown that glycosylated proteins can clear a circulatory system 
more quickly than their non-glycosylated counterparts. For example, Lucore et al., reported 
that glycosylation of tissue-type plaminogens facilitates clearance. Biochemical determinants 
of clearance of tissue-type plasminogen activator from the circulation, Circulation, 77: 906- 
914 (1988). Specifically, Lucore et al. studied the influences of glycosylation on clearance 
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with enzymatically treated t-PA in which clearance was assessed with concomitant 
administration of selected neo glycoproteins that compete with t-PA for specific glycoprotein 
receptors. The role of an intact active catalytic site, as reflected by differences in clearance 
with and without prior treatment of t-PA with the protease inhibitor PPACK, was defined 
also. Their results indicate that clearance is altered by inhibition of the active site and that the 
nature and extent of glycosylation influence clearance as well. These findings suggest that 
mannose/N-acetylglucosamine-specific glycoprotein receptors expressed on hepatic 
reticuloendothelial cells participate in clearance of t-PA from the circulation but that 
galactose-specific glycoprotein receptors probably do not. 

[00167] In an exemplary scenario, a 46 year old woman presents a shoulder-hand syndrome 
type pain, characteristic of a "shoulder-hand syndrome." The pain is particularly localized at 
the deltoid region. The patient is treated by a bolus injection of between about 0.05 U/kg to 
about 2 U/kg of a mixture of BOTOX® and active g-BoNT subcutaneously to the shoulder. 
The physician accidentally nicked a nearby artery with the injection needle, whereby the 
mixture of BOTOX® and active g-BoNT is introduced into the circulatory system. A 
therapeutically effective dose of active g-iBoNT is administered to neutralize the effects of 
BOTOX® and active g-BoNT. Blood levels of BOTOX® and active g-BoNT are also 
monitored. Test results show that active g-BoNT clears from the circulatory system more 
quickly than BOTOX®. 

[00168] Example 8: Accidental overdose in the treatment of postherpetic neuralgia - 
use of g-iBoNT as an antidote 

[00169] The anaerobic, gram positive bacterium Clostridium botulinum produces a potent 
polypeptide neurotoxin, botulinum toxin. Botulinum toxin causes a neuroparalytic illness in 
humans and animals referred to as botulism. The spores of Clostridium botulinum are found 
in soil and can grow in improperly sterilized and sealed food containers of home based 
canneries, which are the cause of many of the cases of botulism. The effects of botulism 
typically appear 18 to 36 hours after eating the foodstuffs infected with a Clostridium 
botulinum culture or spores. The botulinum toxin can apparently pass unattenuated through 
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the lining of the gut and attack peripheral motor neurons. Symptoms of botulinum toxin 
intoxication can progress from difficulty walking, swallowing, and speaking to paralysis of 
the respiratory muscles and death. 

[00170] Botulinum toxin type A is the most lethal natural biological agent known to man. 
About 50 picograms of a commercially available botulinum toxin type A (purified neurotoxin 
complex) (Available from Allergan, Inc., of Irvine, California under the tradename 
BOTOX® in 100 unit vials) is a LD 50 in mice (i.e. 1 unit). One unit of BOTOX® contains 
about 50 picograms (about 56 attomoles) of botulinum toxin type A complex. Interestingly, 
on a molar basis, botulinum toxin type A is about 1 .8 billion times more lethal than 
diphtheria, about 600 million times more lethal than sodium cyanide, about 30 million times 
more lethal than cobra toxin and about 12 million times more lethal than cholera. Singh, 
Critical Aspects of Bacterial Protein Toxins, pages 63-84 (chapter 4) of Natural Toxins II, 
edited by B.R. Singh et al., Plenum Press, New York (1976) (where the stated LD 50 of 
botulinum toxin type A of 0.3 ng equals 1 U is corrected for the fact that about 0.05 ng of 
BOTOX® equals 1 unit). One unit (U) of botulinum toxin is defined as the LD 50 upon 
intraperitoneal injection into female Swiss Webster mice weighing 18 to 20 grams each. 

[00171] Postherpetic neuralgia is one of the most intractable of chronic pain problems. 
Patients suffering this excruciatingly painful process often are elderly, have debilitating 
disease, and are not suitable for major interventional procedures. The diagnosis is readily 
made by the appearance of the healed lesions of herpes and by the patient's history. The pain 
is intense and emotionally distressing. Postherpetic neuralgia may occur any where, but is 
most often in the thorax. 

[00172] In an exemplary scenario, a 76 year old man presents a postherpetic type pain. The 
pain is localized to the abdomen region. The patient is treated by a bolus injection of 
between about 0.05 U/kg to about 2 U/kg of a BOTOX® intradermally to the abdomen. The 
treating physician accidentally administers an excessive amount of BOTOX®. Upon 
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realizing the error, the physician administers the same area with a therapeutically effective 
dose of g-iBoNT. The particular dose as well as the frequency of administrations g-iBoNT 
depends upon a variety of factors within the skill of the treating physician. Within 1-7 days 
after BOTOX® and corrective g-iBoNT administration, the patient's pain is substantially 
alleviated. 

[00173] Example 9: Detoxification with g-iBoNT 

[00174] Aerosol distribution of a BoNT can result in symptoms of botulism. For example. 
A pentavalent (ABCDE) botulinum toxoid is available from the Centers for Disease Control 
and Prevention, but its use may not be feasible as a propylaxis due to the need to wait for 
antibodies to be raised in the recipient before immmunity can be conferred. 

[00175] Thus, in terms of detoxification or post exposure treatments, the toxoid is unfeasible 
because it induces immunity over several months. Immediate immunity can be provided by 
passive administration of equinine botulinum antitoxin or by specific human hyperimmune 
globulin. However, these means of detoxification are not very effective. For example, a 
segment of the population is known to suffer from horse serum anaphylaxis with the 
administration of the equinine botulinum antitoxin. 

[00176] g-iBoNT can play a significant role in the detoxification of the individuals 
contaminated with an active BoNT. In a clinical or emergency setting, injection of victims 
with g-iBoNT could provide enough competitive inhibition with active BoNT to minimize its 
effects. In some embodiments, g-iBoNT may be formulated in pills to allow safe, quick and 
easy access for a large patient population. Importantly, g-iBoNT is not expected to induce 
anaphylaxis because it has reduced antigenicity. 

[00177] Example 10: g-iBoNT has reduced antigenicity: 

[00178] In general, the occurrence of immunogenicity is influenced by the properties of the 
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immunogens, its molecular size and solubility, and adjuvants/carriers used in the formulation. 
Furthermore, host factors including genotype and concomitant disease associated with 
immune dysregulation, previous exposure to other therapeutic proteins that might cause cross 
reactivity, may also play a part. The route of administration may modify the host immune 
reaction. The intravenous, intraperitoneal, oral or aerosol route may favor tolerance, whereas 
subcutaneous or intradermal administration may mimic an active immunization. Repeated 
administration of an antigen will increase the likelihood of a strong immune response as 
compared to one-off treatment. Additionally, there has been some well-controlled studies 
that show a correlation between glycosylation and immunogenicity. 

[00179] In an exemplary experiment, g-iBoNT/A is administered to two groups of Rhesus 
monkeys, each group having 4 monkeys. Group A monkeys are given subcutaneous 
injections and group B monkeys are given intravenous boluses. A control group having two 
monkeys are given active BoNT (3 units/kg, an equivalent of the g-iBoNT dosages given to 
monkeys of groups A and B) intravenously. 

[00180] After 24 hours, all monkeys in experimental groups A and B show no sign of 
distress or impairment of neurological function. The control group monkeys are listless and 
show classic signs of botulism. 

[00181] After 4 weeks, blood samples are extracted from monkeys of each group, and are 
analyzed for the presence of antibodies against active BoNT or g-iBoNT. Blood samples 
from monkeys in groups A and B contain no antibody against the injected g-iBoNT. 
However, the blood samples from the control group shows trace of antibodies against the 
active BoNT. 

[00182] Example 11: Exemplary methods of linking a NTNH to a targeting moiety 
[00183] The NTNH molecule is 1193 amino acids in length (GenPept Accession 
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AAM75960). In accordance with the invention, an NTNH may be attached to a targeting 
moiety to form a modified NTNH. The NTNH upon which the targeting moiety is to be 
attached may be free from other attachments or may already be attached to another targeting 
moiety. Many approaches are known for linking chemical compounds to protein chains. 

[00184] It is known that most molecules acting as substrates or binding molecules, such as 
the targeting moiety, have positions that are not sensitive to steric hindrance. In addition, the 
linkage process should not introduce chirality into the targeting moiety. Further, the linker 
and the targeting moiety should be attached through a covalent bond. The distance between 
the NTNH and the targeting moiety may be adjusted by the insertion of spacer components. 
Preferable spacers have functional groups capable of binding to the linker, targeting moiety 
and NTNH and serving to conjugate them. Preferred spacer components include: 

[00185] 1) HOOC-(CH 2 ) n -COOH, where n = 1-12, suitable for insertion at the amino 
terminal end of a peptide, to connect it with a linker on a targeting moiety. 

[00186] 2) HO-(CH 2 ) n -COOH, where n > 10, suitable for attachment at the amino terminal 
of a peptide to connect the L chain with a linker on a targeting moiety. 

[00187] 3) (C 5 H 6 ) n , where n> 2, suitable for attachment to join the NTNH with a linker on 
the targeting moiety. The benzene rings provide a rigid spacer between the targeting moiety 
and NTNH. Of course, appropriate functional groups, for example as identified by X below, 
will be present on the benzene rings to link the drug and the NTNH. 

[00188] Various linker types are envisioned. For example, in one type the targeting moiety- 
linker-NTNH molecule remains intact after introduction into the circulatory system. 
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[00189] In some embodiments, a cysteine residue is attached to the end of the NTNH 
molecule by methods well known in the art. For instance, the gene construct that expresses 
the NTNH protein can be mutated to express a cysteine residing at the N-terminal portion of 
the protein. A maleimide linker is then attached to the Cysteine residue by well known 
means. 

[00190] In some embodiments, the linker is attached directly to the targeting moiety. A 
targeting moiety-X moiety can have the following groups wherein X may be, without 
limitation, OH, SH, NH 2 , CONH, CONH 2 , COOH, COOR 30 (where R 30 is an alkyl group). 
Of course, the proper group would not be in an active site or be sterically hindering. The 
following is an example of one reaction which would link the targeting moiety-X to the 
linker molecule. 

[00191] targeting moiety-X 

[00192] Br-CH 2 -Linker > targeting moiety-X-CH 2 -Linker 

[00193] Once the targeting moiety has a linker attached, the following reaction can be used 
to link the targeting moiety to the NTNH. In this reaction, the NTNH, preferably the NTNH 
has an accessible lysine group that is used as the attachment point for the targeting moiety. 
As discussed herein, an extra amino acid, such as lysine, can be readily added to the N- 
terminal portion of the NTNH gene and used as the attachment point for a targeting moiety. 
In the following reaction, sodium cyanoborohydride is used to attach the linker to the lysine 
group on the NTNH molecule. 

[00194] targeting moiety-linker-CHO + NaCNBH 3 + NTNH-Lys — > 

[00195] targeting moiety-linker-CH 2 -NH-NTNH 

[00196] Targeting moiety that are envisioned for use in the present invention include 

those that have a free -XH group and that can bind to liver and/or kidney transporters. 
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[00197] Various modifications of the invention, in addition to those described herein, will be 
apparent to those skilled in the art from the foregoing description. Such modifications are 
also intended to fall within the scope of the appended claims. Each reference cited in the 
present application is incorporated herein by reference in its entirety. 



